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Preface 



REALIZING the great need for a more scientific knowl- 
edge of electricity on the part of thousands of practical 
men of limited technical education, an attempt has been 
made in the following pages to give a presentation of the subject 
which shall be easily understood by such men, and at the same time, 
cover all the essential principles and methods. The principles 
usually deduced by higher mathematics are here made clear by 
careful explanation and a large number of diagrams drawn 
especially for the text. Numerous engravings exemplify modern 
practice, and fonn a pictorial index to the latest and best methods 
of applying electricity to lighting, railways, power transmission, 
machine tools, etc. 

C.The Cyclopedia of Applied Electricity is based upon the method 
which the American School of Correspondence has developed and 
successfully used for many years in teaching practical electricians 
the scientific principles underlying their work. It is compiled 
from the most valuable of the School's Instruction Papers and 
forms a simple, practical, concise, and convenient reference work 
for the shop, the library, the school, and the home. 

C^The success which the American School of Correspondence has 
attained in teaching thousands of electricians is in itself the best 
possible guarantee for the present work. Therefore, while these 
volumes are a marked innovation in technical literature, represent- 
ing as they do the best methods of a large number of different 
authors, each an acknowledged authority in his work, — thev are 
by no means an experiment, but are in fact the essence ' 



successful method yet devised for the education of the busy 
working man. 

^L Among the sections of most practical value are those on Alter- 
nating Current Machinery, Storage Batteries, Electric Wiring, 
Lighting, etc. In these pages the authors have succeeded in 
presenting the subjects in such manner as to overcome the hitherto 
insurmountable obstacle — higher mathematics. The rules and 
formulae are presented in a very simple manner, and special effort 
has been made to illustrate every principle by diagrams and prac- 
tical examples. 

C Numerous examples for practice are inserted at intervals; these 
with the test questions, help the reader to fix in mind the essential 
points, thus combining the advantages of a textbook with a refer- 
ence work. 

^Grateful acknowledgment is due to the corps of writers and 
collaborators who have prepared the many sections of this work. 
The hearty co-operation of these men — engineers of wide prac- 
tical experience, and teachers of acknowledged ability — has alone 
made these volumes possible. 

C.The Cyclopedia is published in the belief that it will meet a 
real need among designers, constructors and operators of elec- 
trical machinery. That it may save many weary hours of search 
among the scattered textbooks and reference works of the day, — 
books which being intended largely for college -trained men are 
necessarily far from meeting the needs of the average practical 
man, — is the hope of the compilers and publishers. 
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ELECTRIC LIGHTING. 



HISTORY AND DEVELOPMENT. 

The history of electric lighting as a commercial proposition 
begins with the invention of the Gramme dynamo (by Z. J. 
Gramme) in 1870, together with the introduction of the Jab- 
lochkoff candle or light, which was first announced to the public 
in 1876, and which formed a feature of the International Expo- 
sition at Paris in 1878. Up to this time, the electric light was 
known to but few investigators, one of the earliest being Sir Hum- 
phrey Davy who, in 1810, produced the first arc of any great 
magnitude. It was then called the u voltaic arc ? \ and resulted 
from the use of two wood charcoal pencils as electrodes and a 
powerful battery of voltaic cells as a source of current. 

From 1840 to 1859, many patents were taken out on arc 
lamps, most of them operated by clockwork, but these were not 
successful, due chiefly to the lack of a suitable source of current, 
since all depended on primary cells for their power. The interest 
in this form of light died down about 1859, and nothing further 
was attempted until the advent of the Gramme dynamo. 

The incandescent lamp was but a piece of laboratory appa- 
ratus up to 1878, at which time Edison produced a lamp using a 
platinum spiral in a vacuum, as a source of light, the platinum 
being rendered incandescent by the passage of an electric current 
through it. The first successful carbon filament was made in 1879, 
this filament being formed from strips of bamboo. The names 
of Edison and Swan are intimately connected with these early 
experiments. 

From this time on, the development of electric lighting has 
been very rapid, and the consumption of incandescent lamps alone 
has reached several millions each year. When we compare the 
small amount of lighting done by means of electricity twenty-five 
years ago with the enormous extent of lighting systems and the 
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numerous applications of electric illumination as they are today, 
the growth and development of the art is seen to be very great, 
and the value of a study of this subject may be readily appreciated. 
While in many cases electricity is not the cheapest source of 
power for illumination, its admirable qualities and convenience 
of operation make it by far the most desirable 

Classification. The subject of Electric Lighting may be clas- 
sified as follows: 

1. The typo of lamps used. 

2. The methods of distributing power to the lamps. 

3. The use made of the light, or its application. 

4. Photometry and lamp testing. 

Taking up these branches in the order named, we may further 
subdivide the types of lamps used into: 

1. Incandescent lamps. 

2. Arc lamps. 

3. Special lamps, or lamps which do not require carbon, such as the 
Nernst lamp, Cooper-Hewitt lamp, etc. 

The Incandescent Lamp. The incandescent lamp is by far the 
most common type of lamp used, and the principle of its operation 
is as follows: 

If a current I is sent through a conductor whose resistance is 
R, for a time t, the conductor is heated, and the amount of heat 
generated is: 

Heat generated = I 2 R /, PR t representing joules or watt- 
seconds. 

If the current, material, and conditions are so chosen that 
the substance may be heated in this way until it gives out light, 
becomes incandescent, and does not deteriorate too rapidly, we 
have an incandescent lamp. Carbon is the substance chosen for 
this conductor and for ordinary lamps it is formed into a small 
thread or filament. Carbon is selected for two reasons: 

1. The material must be capable of standing a very high 
temperature, 12S0 to 1330° C. 

2. It must be a conductor of electricity with a fairly high 
resistance. 

Platinum has been used for the material, but, as we shall see, 
its temperature cannot be maintained at a value high enough to 
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make the lamp as efficient as when carbon is used. Nearly all at- 
tempts to substitute another substance in place of carbon have 
failed, and the few lamps which are partially successful will be 
treated under the head of special lamps. The nature of the car- 
bon employed in incandescent lamps has, however, been much im- 
proved over the first forms, and the method of manufacture will 
be treated next. 

flANUFACTURE OF INCANDESCENT LAMPS. 

Preparation of the Filament. Cellulose, a chemical com 
pound rich in carbon, is prepared by treating absorbent cotton 
with zinc chloride in proper proj>ortions to form a uniform, gela- 
tine like mass. It is customary to stir this under a partial vac- 
uum in order to remove bubbles of air which might be contained 
in it and destroy its uniformity. This material is then forced, 
"squirted," through steel dies into alcohol, the alcohol serving to 
harden the soft, transparent threads. These threads are then 
thoroughly w T ashed to remove all trace of the zinc chloride, dried, 
cut to the desired lengths, wound on forms, and carbonized by 
heating to a high temperature away from air. During carboni- 
zation, the cellulose is transformed into pure carbon, the volatile 
matter being driven off by the high temperature to which the fil- 
aments are subjected. The material becomes hard and stiff, as- 
suming a permanent form, shrinking in both length and diameter; 
the form being specially constructed so as to allow for this shrink- 
age. The forms are made of carbon blocks which are placed in 
plumbago crucibles and packed with powdered carbon; the cruci- 
bles are covered with loosely fitting carbon covers. The crucibles 
are gradually brought to a white heat, at which temperature the 
cellulose is changed to carbon, and then allowed to cool. After 
cooling, the filaments are removed, measured and inspected, and 
the few defective ones discarded. 

In the early days, these filaments were made of cardboard or 
bamboo, and later of thread treated with sulphuric acid. 

A few of the shapes of filaments now in use are shown in 
Fig. 1, the different shapes giving a slightly difif ' ution 

of light. The shapes here shown are designate 
U-shaped; B, single-curl; C, single-curl 
loop; Ej double-curl; F, double-curl anc 
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Mounting the Filament. After carbonization, the filaments 
are mounted or joined to wires leading into the globe or bulb. 
These wires are made of platinum — platinum being the only sub- 
stance, so far as known, that expands and contracts the same as 
glass with change in temperature and which, at the same time, 
will not be melted by the heat developed in the carbon. Since 
the bulb must remain air-tight, a substance expanding at a differ- 
ent rate from the glass cannot be used. Several methods of fasten- 
ing the filament to the " leading in " wires have been used, such 
as forming a socket in the end of the wire, inserting the filament 
and then squeezing the socket tightly against the carbon, and the 




UBe of tiny bolts when cardboard filaments were used, but the 
pasted joint is new used almost exclusively. Finely powdered 
carbon is mixed with some adhesive compound, such a3 molasses, 
and this mixture i3 used as a paste for fastening the carbon to the 
platinum, hater, when current is sent through the joint, the 
volatile matter is driven off and only the carbon remains. This 
makes a cheap and, at the same time, a very efficient joint. 

Flashing. Filaments, prepared and mounted in the manner 
just described, are fairly uniform in resistance, but it has been 
found that their quality may be much improved and their resist- 
ance very closely regulated by depositing a layer of carbon on the 
.outside of the filament by the process of " flashing ". By flashing 
is meant heating the filament to a high temperature when im- 
mersed in a hydrocarbon gas, such as gasoline vapor, under partial 
vacuum. Current is passed through the filament in this process 
to accomplish the heating, (iaa is used, rather than a liquid, to 
prevent too heavy a deposit of the carbon. Coal gas is not recom- 
mended because the carbon, when deposited from this, has a dull 
black appearance. The effects of flashing are as follows; . 
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1. The diameter of the filament is increased by the deposited 
carbon and hence its resistance is decreased. The process miist be 
discontinued when the desired resistance is reached. Any little 
irregularities in the filament will be eliminated since the smaller 
sections, having the greater resistance, will become hotter than the 
remainder of the filament and the carbon is deposited more rapidly 
at these points. 

2. The character of the surface is changed from a dull black 
and comparatively soft nature to a bright gray coating which is much 
harder and which increases the life and efficiency of the filament. 

Exhausting. After Hashing, the filament is sealed in the 
bulb and the air exhausted through the tube A in Fig. 2, which 
shows the lamp in different stages of its manufacture. The 
exhaustion is accomplished 
by means of mechanical air 
pumps, supplemented by 
Sprengle or mercury pumps 
and chemicals. Since the 
degree of exhaustion must be 
high, the bulb should be 
heated during the process so 
as to drive off any gas which 
may cling to the glass. When 
chemicals are used, as is now *j»; 
almost universally the esse, 
the chemical is placed in the 
tube A and, when heated, 
serves to take up much of the 
remaining gas. Exhaustion 
is necessary for several rea- 
sons : - *■■«•* 

1. To avoid oxidization of the filament. 

2. To reduce the heat conveyed to tho rIoIjc 

3. To prevent wear on the filament due to currents or eddies in the gas. 

After exhausting, the tube A is sealed off and the lamp com- 
pleted for testing by attaching tho base by means of plaster of 
Paris. Fig. 3 shows some of the forms of completed incandescent 
lamps. 
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Voltage and Candle-Power. Incandescent lamps vary in size 
from the miniature batten and candelabra lamps to those of several 
hundred candle-power, though the latter are very seldom used. 
The more common values for the candle power are 8, 16, 25, 32, 
and 50, the choice of candle-power depending on the use to be 
made of the lamp. 

The voltage will vary depending on the method of distribu- 
tion of the power. For what is known as parallel distribution, 
110 or 220 volts are generally used. For the higher values of the 




voltage, long and slender filaments must ho used, if the candle* 
power is to be low, and lamps of less than Hi candle-power for 
22U-volt circuits are not practical, owing to difficulty in manu- 
facture. For series distribution, a low voltage and higher current 
is used, hence the filaments may l>e quite heavy. Battery lamps 
operate on from 4 to 2-i volts, but the vast majority of lamps for 
general illumination are operated at or about 110 volts. 

Efficiency. By the efficiency of an incandescent lamp ia 
meant the power required at the lamp terminals pei candle-power 
of light given. Thus, if n lamp giving an average horizontal 
candle- fiower of 1ft consumes \ an ampere at 112 volts, the total 
number of watts consumed will bo 112 X 1 = 50, and the watts 
per candle-power will be 50 ■*■ Hi — o\5. The efficiency of such 
a lamp is said to lie 3.5 watts per candle-power. " Watts econ- 
omy " is sometimes used for *■ efficiency ". 
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The efficiency of a lamp depends on the temperature at which 
the filament is run. ThiB temperature is between 128(T and 1330 J 
C, and the curve in Fig. 4 shows the increase of efficiency with the 
increase of temperature. The temperature attained by a filament 
depends on the rate at which heat is radiated and the amount of 
power supplied. The rate of radiation of heat is proportional to 
the area of the filament, the elevation in temperature, and the 
emissivity of the surface. 

By emissivity is meant the number of heat nnits emitted 
from unit surface per degree rise in temperature above that of 
surrounding bodies. The bright surface of a flashed filament has 
a lower emissivity than the dull surface of an unheated filament, 



Fig. i. 

hence less energy is lost in heat radiation and the efficiency of the 
filament is increased. 

As soon as incandescence is reached, the illumination increases 
much more rapidly than the emission of heat, hence the increase 
in efficiency shown in Fig. 4. Were it not for the rapid disinte- 
gration of the carbon at high temperature, an efficiency higher 
than 3.1 wattB conld be obtained. 

Relation of Life to Efficiency. By the useful life of a lamp 
is meant the length of time a lamp will burn before its candle- 
power has decreased to such a value that it would be more eco- 
nomical to replace the lamp with a new one than to continue to 
use it at its decreased value. A decrease to 80% of the initial 
candle-power is now taken as the point at which a lamp should be 
replaced, and the normal life of a lamp is in the neighborhood of 
800 hours. To obtain tho moat economical results, lumps should 
always be replaced at the end of their useful life. 
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In Table 1 are given values of the efficiency and life of a 
3.5-watt, 110-volt lamp for various voltages impressed on the 
lamp. These values are plotted in Fig. 5. These curves show 
that a 3% increase of voltage on the lamp reduces the life by 
one-half, while an increase of 6% causes the useful life to fall 
to one-third its normal value. The effect is even greater when 
3.1-watt lamps are used, but not so great with 4 -watt lamps. 
From this w 7 e see that the regulation of the voltage used on the 
system must be very good if high efficiency lamps are to be used, 
and this regulation will determine the type of lamp to be installed. 

Selection of Lamps. Lamps taking 3.1 watts per candle- 
power will give satisfaction only when the regulation of voltage is 
the best- practically a constant voltage maintained at the normal 
voltage of the lamp. 

TABLE I. 

Effects of Change in Voltage. 

Standard 3.5 Watt Lamp. 



Voltage 

Per Cent, of 

Normal. 


Candle* -Power 

Per Cent, of 

Normal. 


Watts Per 
Candle-Power. 

5.30 


Life Per Cent, 
of Normal. 


Deterioration 

Per Cent, of 

Normal. 


90 


53 


| 




91 


50 


5.09 


i 




92 


61 


4.85 


1 




a3 


65 


4.63 


i 




91 


69 


4.44 


394 1 


25 


95 


73 


4.26 


310 ; 


32 


96 


78 


4.09 


247 ! 


44 


97 


&3 


3.93 


195 


51 


98 


88 


3.78 


153 . 


65 


99 


94 


3.64 


126 • 


79 


100 


100 


t>.;) 


100 


100 


101 


106 


3.3* 


84 1 


118 


102 


111 


3.27 


68 


146 


103 


116 


3.16 


58 


173 


104 


123 


3.05 


17 


211 


105 


129 


2.95 


39 


253 


100 


137 


2.85 


31 


316 


107 


143 


2.76 


26 


330 


108 


152 


2 . tJ8 


21 


474 


10!) 


159 


2.00 


17 


575 


110 


167 


2.53 


16 


037 



Lamps of 3.5 watts per candle-power should be used when 
the regulation is fair, say with a maximum variation of 2% from 
the normal voltage. 
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Fig 5 

Lamps of 4 watts per candle-power should bo installed when 
the regulation is poor. These values are for 110-voIt lamps. A 
220- volt lamp should have a lower efficiency to give a long life. 



Si 



Fig. 6. 

Lamps should always ho renewed at the end of their useful 
life, this point being termed the "smashing point", as it ia 
cheaper to replace the lamp than to run it at the reduced candle- 
power. Some recommend running these lamps at a higher 
voltage, but that means at a reduced efficiency, and it is not good 
practice to do this. 
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Fig. shows tbe life curves of a series of incandescent 
lamps. These curves show that there is an increase in the candle- 
power of some of the lamps during the first 100 hours, followed 
by a period during which the value is fairly constant, after which 




the light given by the lamp is gradually mluceil to aliout 80% of 
the initial candle-power. 

DISTRIBUTION OF LIOHT. 

In Fig. 1 are shown various forms of filaments used in 
incandescent lamps, and Figs. 7 and H show the distribution of 
light from a single-loop filament of cylindrical cross -section. 
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Fig. 7 shows the distribution of light iu a horizontal plane, the 
lamp being mounted in a vertical position, and Fig. 8 shows the 
distribution in a vertical plane, liy changing the shape of the 
filament, the light distribution ia varied. A mean of the read- 
inga taken in the horizontal plane forms the mean horizontal 
candle-power, and this candle-power rating is the one generally 




assumed for the ordinary incandescent lamp. A mean of the 
readings taken in a vertical plane gives us the mean vertical 
candle-|»ower, but this value is of little use. 

riean Spherical Can die- Power. When comparing lamps 
which give an entirely different light distribution, the mean horizon- 
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tal candle-power does not form a proper basis for such comparison, 
and the mean spherical or the mean hemispherical candle-power is 
nsed instead. By mean spherical candle-power is meant a mean 
value of the light taken in all directions. The methods for deter- 
mining this will be taken up under photometry. The mean hemi- 
spherical candle-power has reference, usually, to the light given 
out below the horizontal plane. 

ARC LAMPS. 

The Electric Arc. Suppose two carbon rodB are connected in 
an electric circuit, and the circuit closed by touching the tips of 
these rods together ; on separating the carbons again the circuit 
will not be broken, provided the space between the carbons be not 
too great, but will be maintained through the arc formed at these 
points. This phenomenon, which is the basis of the arc light, was 
first observed on a large scale by Sir Humphrey Davy, who nsed a 
battery of 2,000 cells and produced an 
arc between charcoal points four inches 
apart. 

As the incandescence of the carbons 
across which an arc is maintained, 
together with the arc itself, forms the 
source of light for all arc lamps, it will 
he well to study the nature of the arc. 
Fig. shows the general appearance of 
an arc lwtween two carbon electrodes 
when maintained by direct current. 

Here the current is assnmed as 
passing from the top carbon to the bot- 
tom one as indicated by the arrow and 
signs. We find, in the direct-current arc, that the most of the 
light issues from the tip of the positive carbon, or electrode, and 
this portion is known as the crater of the arc. This crater has a 
temperature of from 8,000 to 3,500" C, the temperature at which the 
carbon vaporizes, and gives fully SO to 85$, of the light furnished by 
the arc. The negative carbon becomes pointed at the same time that 
the positive one is hollowed out to form the crater, and it is also 
incandescent but not to as great a degree as the positive carbon. 




Fig. 9. 
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JBetween the electrodes there is a band of violet light, the arc 

proper, and this is Hurroundud by a luminous zone of a golden 
yellow color. The arc proper does not furnish more than G% of 

*ho light emitted. 

The carbons are worn away or consumed by the passage of 

the current, the positive carbon being consumed about twice as 

rapidly as the negative. 

The light distribution curve of a direct-current arc, taken in 

a vertical plane, is shown in Fig. 10. Here it is seen that the 
maximum amount of light is given off at an angle of about 50° from 
the vertical, the negative carbon shutting off the rays of light that 
are thrown directly downward from the crater. 

If alternating current is 
used, the upper carbon be- 
comes positive and negative 
alternately, and there is no ' 
chance for a crater to be ■ 
formed, both carbons giving ■ 
off the same amount of light «,- 
and being consumed at about , 
the same rate. The light dis- , 
tribution curve of an alter- , 
nating -current arc is shown ^l 
in Fig. 11. 

Arc Lamp Mechanisms. 
In a practical lamp we must 
have not only a pair of car- 
bons for producing the arc, 
but also means for supporting these carbons, together with suitable 
arrangements for leading the current to them and for maintaining 
them at the proper distance apart. The carbons are kept separated 
the proper distance by the operating mechanisms which must per- 
form the following functions : 

1. The carbons must be in contact, or be brought into contact, to start 
the arc when the current first flows. 

2. They must be separated at the right distance to form a proper arc 
immediate) j afterward. 

3. The carbons must be fed to the arc as they are consumed. 

4. The circuit should be open or closed when the carbons nro entirely 
consumed, depending on the method of power distribution. 




Fig. 10. 
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The feeding of the carbons may be done by hand, as is thi 
case in some stereopticons using an arc, but for ordinary illumine 
tion the striking and maintaining of the arc must be automatic 
It is made so in all cases by means of solenoids acting against tbn 
force of gravity or against springs. There are an endless nam be™ 




Fig. 11. 

of such mechanisms, but a few only will be described here. They 
may be roughly divided into three classes: 

1. Shunt Mechanisms. 

2. Series Mechanisms. 

3. Inferential Mechanisms. 

In Shunt Lamps, the carbons are held apart before the car- 
rent is turned on, and the circuit is closed through a solenoid 
connected in across the gap so formed. All of the current must 
pass through this coil at first, and the plunger of the solenoid is 
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arranged to draw the carbons together, thus starting the arc. The 
pull of the solenoid and that of the springs are adjusted to main- 
tain the arc at its proper length. 

Such lamps have the disadvantage of a high resistance at the 
start — 450 ohms or more — and are difficult to start on series cir- 
cuits, due to the high voltage required. They tend to maintain a 
constant voltage at the arc, but do not aid the dynamo in its regu- 
lation, so that the arcs are liable to be a little unsteady. 

With the Series-Lamp Mechanism, the carbons are together 
when the lamp is first started and 
the current, flowing in the series 
coil, separates the electrodes, 
striking the arc. When the arc 
is too long, the resistance is in- 
creased and the current lowered 
so that the pull of the solenoid is 
weakened and the carbons feed 
together. This type of lamp can 
be used only on constant-poten- 
tial systems. 

Fig. 12 shows a diagram of 
the connection of such a lamp. 
This diagram is illustrative of 
the connection of one of the 
lamps manufactured by the 
Western Electric Company, for 
use with direct current on a con- 
stant-potential system. The 
symbols + and — refer to the 
terminals of the lamp, and the 
lamp must be so connected that 
the current flows from the top carbon to the bottom one. R is a 
series resistance, adjustable for different voltages by means of the 
shunt G. F and D are the controlling solenoids connected in 
series with the arc. B and C are ti^e positive and negative car- 
bons respectively, while A is the switch for turning the current 
on and off. H is the plunger of the solenoids and I the carbon 
clutch, this being what is known as a " carbon feed " lamp. The 




Fig. 12. 
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carbons are together when A is first closed, the current is excess- 
ive, and the plunder is drawn up into the solenoids, lifting the 
carbon IJ until the resistance of the arc lowers the current to such 
a value that the pull of the solenoid just counterbalances the weight 
of the plunder and carbon. G must be so ad justed that this point 
is reached when the arc is at its normal length. 

In the Differential Lamp, the series and shunt mechanismB 
are combined, the carbons being together at the start, and the 
series coil arranged so as to separate thrm while the shunt coil is 

connected across the arc, as be- 
fore, to prevent the carbons from 
being drawn too far apart. This 
lamp oj>e rates only over a low- 
current range, but it tends to aid 
the generator in its regulation. 

Fig. 13 shows a lamp having a 
differential control, this also be- 
in tr the diagram of a Western 
Electric Company arc lamp for 
direct-current, constant- potential 
system. Here S represents the 
shunt coil and M the series coil, 
the armature of the two magnets 
A and A' being attached to a 
bell -crank, pivoted at B, and at- 
tached to the carbon clutch C. 
The pull of coil S tends to lower 
the carbon while that of M raises 
the carbon, and the two are bo 
adjusted that equilibrium is 
reached when the arc is of the proper length. All of the lamps 
are fitted with an air dashpot or some damping device to prevent 
too rapid movements of the working parts. 

The methods of supporting the carbons and feeding them to 
the arc may be divided into two classes: 

1. Rod ftM«d. 

2. Carbon feed. 

Lamps using a Rod Feed have the upper carbons supported by 
a conducting rod, and the regulating mechanism acts on this rod, 
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the current being fed to the rod by means of a eliding contact. 

fig. 14 shows the arrangement of this type of feed. The rod is 

shown at R, the eliding contact at B, and the carbon ia attached to 

the rod at C. 

These lamps have the advantage that carbons, which do not 

have a uniform cross-section or smooth exterior, may be used, but 

they possess the disadvantage 

of being very long in order to 
accommodate the rod. The 
rod must also be kept clean so 
as to make a good contact 
with the brush. 

In Carbon-Feed lamps the 
controlling mechanism acts 
on the carbons directly 
through some form of clutch 
such as is shown at C in Fig. 
15. This clampgrips the car- 
bon when it is lifted, but 
allows the carbon to slip 
through it when the tension 
is released. For this type of 
feed the carbon must be 
straight and have a uniform 
cross-section as well as a 
smooth exterior. The cur- 
rent may be led to the carbon 
by means of a flexible lead 
and a short carbon holder. 

Double-Carbon Lamps. In Fie. 14. 

order to increase the life of the 

early form of arc lamp without using too long a carbon, the 
double -carbon type was introduced. This type uses two sets of 
carbons, both sets being fed by one mechanism so arranged that 
when one pair of the electrodes is consumed the other is put 
into service. With the introduction of the enclosed arcs, this 
form of lamp is rapidly disappearing, although a few are still 
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Arc lamps are constructed to operate on Direct Ovrreniv 
Alternating Current systems when connected in St riee or in 
Mnlti/ilf. They are also made in both the Open and' the Enclonen 
forms, but almost all of the lamps operating on alternating 
current or on constant-potential, direct current are enclosed. 




By an Open Arc 13 meant an arc lamp in which the arc is 
expand to the fcttnosphore, while in the Enclosed Arc, an inner o 
enclosing globe surrounds the arc, and this globe is covered \ 
;i up which renders it nearly air-tight. Fig. 13 is a good example 
of an enclosed arc as manufactured by the General Electric 
Company. 

Open Arcs for direct- current systems were the h'rst to be 
Bled to any great extent, and they are used considerably at present, 
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although they are being rapidly replaced by the enclosed types or 
the alternating-current systems. They are always connected in 
series, and are run from some form of special arc machine, a 
description of which may be found in " Types of Dynamo Electric 
Machinery". 

Each lamp requires in the neighborhood of 50 volts for its 
operation, and, since the lamps are connected in series, the voltage 
of the system will depend on the number of lamps; therefore, the 
number of lamps that may be connected to one machine is limited 
by the maximum allowable voltage on that machine. By special 
construction as many as 125 lamps are run from one machine, but 
even this size of generator is not so efficient as one of greater 
capacity. Such generators are usually wound for 6.6 or 9.6 
amperes. Since the carbons are exposed to the air at the arc, 
they are rapidly consumed, requiring that they be renewed daily 
for this type of lamp. 

Enclosed Direct-Current Arc Lamps for series systems are 
constructed much the same as the open lamp, and are controlled 
by either shunt or differential mechanism. They require a volt- 
age from 68 to 75 at the arc, and are usually constructed for 
from 5 to 6.8 amperes. They also require a constant-current 
generator. 

Arc Lamps for Constant- Potential direct -current systems 
must have some resistance connected in series with them to keep 
the voltage at the arc at its proper value. This resistance is made 
adjustable so that the lamps may be used on any circuit. Its 
location is clearly shown in Fig. 15, one coil being located above, 
the other below the operating solenoids. 

Arc Lamps for Alternating Currents do not differ greatly in 
construction from the direct-current arcs. When iron or other 
metal parts are used in the controlling mechanism, they must be 
laminated or so constructed as to keep down induced or eddy cur- 
rents which might be set up in them. For this reason the .metal 
spools, on which the solenoids are wound, are slotted at some point 
to prevent them from forming a closed secondary to the primary 
formed by the solenoid winding. On constant potential circuits a 
reactive coil is used in place of a part of the resistance for cutting 
down tho voltage at the arc. 
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Interchangeable Arc Lamps are manufactured which may be 
readily adjusted so as to operate on either direct or alternating 
current, and on voltages from 110 to 220. Two lamps may be 
run in series on 220-volt circuits. 

The distribution of light, and the resulting illumination for 
the different lamps just considered, will be taken up later. Aside 
from the distribution and quality of light, the enclosed arc has the 
advantage that the carbons are not consumed so rapidly as in the 
open lamp because the oxygen is soon exhausted from the inner 
globe and the combustion of the carbon is greatly decreased. They 
will burn from 80 to 100 hours without re-triiuming. 



TABLE 2. 
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Rating of Arc Lamps. 

follows : 



Open arcs have been classified as 



Full Arcs, 2,000 candlo-power taking 9.5 to 10 amps, or 450-480 watts. 
Half Arcs, 1,200 candle-power taking 6.5 to 7 amps, or 325-350 watts. 
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These candle-power ratings are ninch too high, and run more 
nearly 1.200 and 700. respectively, for the point of maximum in- 
tensity and less than this if the mean spherical candle-power be taken. 
For this reason, the ampere or watt rating is now used to indicate 
the power of the lamp. Enclosed arcs use from 3 to 6.5 amperes, 
but the voltage at the arc is higher than for the open lamp. Table 
2 gives some data on enclosed arcs on constant-potential circuits. 

Efficiency. The efficiency of arc lamps is given as follows: 

Direct Current Arc (enclosed) 2.9 watts per candle-power. 
Alternating Current Arc (enclosed) 2.95 watts per candle-power. 
Direct Current Arc (open) .6-1.25 watts per candle-power. 

Arc-Lamp Carbons are either moulded or forced from a prod- 
uct known as petroleum coke or from similar materials such as 
lampblack. The material is thoroughly dried by heating to a 
high temperature, then ground to a tine powder and combined 
with some substance such as pitch which binds the fine particles 
of carbon together. After this mixture is again ground it is ready 
for moulding. The powder is put in steel moulds and heated un- 
til it takes the form of a paste, when the necessary pressure is ap- 
plied to the moulds. For the forced carbons, the powder is 
formed into cylinders which are placed in machines which force 
the material through a die so arranged as to give the desired di- 
ameter. The forced carbons are often made with a core of some 
special material, this core being added after the carbon proper has 
been finished. The carbons, whether moulded or forced, must be 
carefully baked to drive off all volatile matter. The forced car- 
bon is always more uniform in quality and cross-section, and is 
the type of carbon which must be used in the carbon feed lamp. 
The adding of a core of a different material seems to change the 
quality of light, and being more readily volatilized, keeps the arc 
from wandering. 

Plating of carbons with copper is sometimes resorted to for 
moulded forms for the purpose of increasing the conductivity, and 
by protecting the carbon near the arc, prolonging the life. 

SPECIAL LAMPS. 

Under this heading may be considered all lamps wl 
not use carbon as the incandescent material, as well as 
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which use carbon in conjunction with other materials. The first 
of these lamps, or the one at present most widely used, is the 
Nernst Lamp. 

The Nernst Lamp is an incandescent lamp using for the incan- 
descent material certain oxides of the rare earths. The oxide is 
mixed in the form of a paste, then squirted through a die into a 
string which is subjected to a roasting process forming the filament 
or glower material of the lamp. The glowers are cut the desired 
length and platinum terminals attached. The attachment of these 
terminals to the glowers is a very important process in the manu- 
facture of the lamp, and is accomplished by fusing the ends of the 
glower and the platinum lead into small beads, and, when the two 
are brought into contact, the platinum is sucked up into the glower 
head, forming a very neat and efficient connection. Fig. 16 shows 
several completed glowers. 
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Fig. 17. 

As the glower is a non-conductor when cold, some form of 
heater is necessary to bring it up to a temperature at which it will 
conduct. Two forms of heater are used, the first being formed of 
fine platinum wire wound over a porcelain tube as a support and 
covered with porcelain paste to prevent deterioration as much as 
possible. These "heater tubes", as they are called, are mounted 
just above the glowers in the finished lamp. The second form of 
heater is known as the "spiral heater", and this is also made of fine 
platinum wire wound on a porcelain rod and covered with paste, 
the rod being then formed on a mandrel to the desired shape. 
Figs. 17 and 18 show the two forms of heaters. 

The heating device is connected across the circuit when the 
lamp is first turned on, and it must be cut out of circuit automat- 
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ically when the glower becomes a conductor, otherwise the heater 
would soon be destroyed. This automatic cut-out is operated by 
means of an electromagnet so arranged that current flows through 
its coil as soon as the glower conducts and opens a form of silver 





Fig. 18. 

contact cutting out the heater. The heater circuit is normally 
kept closed by the force of gravity so that the lamps will operate 
only in one position. A successful form of universal cut-out, that 
is, one which will operate when the lamp is in any position, has not 
yet been put on the market, though experiments with this type 
are being made. 












Pig. 19. 

The conductivity of the glower increases with its temperature ; 
hence, if used on a constant-potential circuit directly, its temper- 
ature would continue to increase, due to the greater current flow- 
ing, until the glower was destroyed. To prevent this increase of 
current, a ballast resistance of fine iron wire is connected in series 
with the glower. As is well known, the resistance of iron wire 
increases quite rapidly with increase of temperature, and this resist- 
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aoce is bo adjusted that the resistance of the combined circuit 
reaches a constant value when the current is of the proper strength. 
This iron wire mast be protected from the air to prevent oxidiza- 
tion and too rapid temperature changes, and, for this reason, it is 
mounted in a glass bulb filled with hydrogen. Hydrogen has 
been selected for this purpose because it is an inert gas and con- 
ducts the heat from the ballast to the walls of the bulb better than 




Fig. 20. 
other gases. Fig. 19 shows the form of bulb which contains the 
ballast. 

All of the parts enumerated, namely, glower, heater, cut-out 
and ballast, are mounted in a suitable manner, the smaller lamps 
having but one glower and arranged to fit an incandescent lamp 
socket, while the larger types have as many as six glowers and are 
arranged to be supported in a manner similar to arc lamps. All 
of the parts are interchangeable and may be easily renewed. 

Fig. 20 shows the complete connections of a six-glower lamp. 
Current enters the lamp at terminal 1 (or 2), passes through the 
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entirely- Tin' heaters are bo arranged that if one is destroyed, the 
other two will heat the glowers as quickly its possible. 

Fig. 21 shows the parts of a Bingle-glower lamp with the 
exception of the globe. Fig. 22 illustrates a six-glower street 
lamp. Fig. 23 shows lamps for inside use completely assembled 
Fig. 24 shows a glower and spiral heater eo mounted that the two 
may be very readily replaced. This type is used on some of the 
very latest forms of lamps put on 
the market by the Nernst Lamp 
Company of Pittsburg, which 
company controls the manufact- 
ure of these lamps in the United 
titatea. 
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Fig. 24. 

This type of lamp is used ex- 
tensively only on alternating- 
■ent circuits at a frequency of 
about 00 cycles, and preferably 
at 220 volts, as the efficiency is 
better at this voltage, due to less 
Pig_ 22. Grm r gy being consumed in the 

ballast. Series lamps, and lamps 
operated on direct current, are still in the experimental stage. 

The advantages claimed for the Nernst lamp are increased 
efficiency, a good color of light, and a good light distribution. The 
efficiency varies with the type and the voltage used, as well as with 
the direction in which the candle-power is measured and the type 
of globe uaed. For a 100-hour run on a two-glower, 220-voIt 
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lamp using a 'i-irich light sand-blasted globe, the watts varied 
from 170 to 15S, while the mean hemispherical candle-power 
varied from i'u.H to 50.8, giving an efficiency from 2.5 to 3.1 watts 
per mean hemispherical candle-power; showing an efficiency better 
than the incandescent but not so good as the arc lamp. 




Fig. 25. 

Fig. 25 shows two distribution curves for Nernst lamps. 

To give the best results, lamps using the tube heaters must 
ho cleaned regularly at intervals of about 100 hours of burning. 
Tint spiral heaters are not cleaned, but are renewed at the end of 
the useful lifo of the glower. The light given by these lamps is 
very white in color, and the use of sand-blasted or alabaster globes 
reduces its intense brilliancy. 
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Osmium Lamps. Osmium has been experimented on as a 
substance to replace carbon in the ordinary incandescent lamp, and 
bo far very efficient lamps have been constructed using this mate- 
rial, bnt the voltage is low, due to the low resistance of the materia] 




Fig. 25. 

and the difficulty of making a filament tine enough to give the 
desired resistance for higher voltages. At 25 volts, lamps are con- 
structed giving an efficiency of 1.5 to 1.7 watts per candle-power, 
and with a life comparable with that of a 3.5-watt incandescent 
lamp. The low voltage makes this lamp undesirable for parallel 
distribution systems. 

The Bremer Arc Lamp is one of the most favorable of sev- 
eral modifications of the arcs which have been proposed. This 
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lamp uses very slender carbons having a core made of refractory 
oxides such as silica, lime, or magnesia. An efficiency of .1 to A 
waits pel candle-power (mean spherical) has been claimed for this 
type of lamp, but it is et-ill in the experimental stage. 

The Mercury Vapor Lamp. Probably the Cooper Hewitt, 
or Mercury Vapor Lamp, is the only other special lamp deservinj 
mention here. This lamp is being introduced to quite an extent 
where the quality of the 
light is not of so much 
importance. Iu this 
lamp, mercury vapor, 
rendered incandescent 
^>v I by the passage of anelec- 

^v I trie current, forma the 

^%v , I source of light. One 
]4 electrode is formed of 

S^H mercury and the other 
I may be of mercury or 
* ' J iron. In the more corn- 

Fig, 26. raon type of lamp, these 

electrodes are mounted 
if a long glass tube which has been very carefully 
Fig. 26 shows such a lamp constructed for a 110-volt 
circuit. Dimensions of this lamp are as follows: 

For 100 Volts. For 120 Volts. 

Length °t light-giving tubo 48 inches. 10 inches. 

Length fiver all 50 Inches. 6(i inches. 

Diameter 1 inch. 

Current 3 to 3.5 amiwres. 
Candle Power at 150 volts, 750. 
Lite (average), 1,600 hours. 

The mercury vapor, at the start, may be formed in two ways. 
First, the lamp may be tipped so that a stream of mercury makes 
contact between the two electrrxles and mercury is vaporized when 
the stream breaks. Second, by means of a high inductance and a 
quick break switch; a very high voltage, sufficient to pass current 
from one electrode to the other, is induced and the conducting vapor 
formed. The lamp, as now manufactured, will operate only on 
direct current, but the alternating-current lamp is being develop) 
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Fig 27 is a diagram of a lamp connected for starting by the 
quick-break method, while Fig. 28 shows two 55-volt lamps con- 
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Fig. 27. 



nected in series on a 110-volt circuit, and arranged to be started 
by tipping. A steadying resistance and reactance are connected 
as shown in the diagram, the two being mounted on one base 
which may readily be attached to the wall as shown in Fig. 26. 



+ 1 main — 




Fig. 28. 

The mercury vapor lamp is not made in small sizes for ordi- 
nary voltages, and its light is very objectionable for the purpose 
of distinguishing color, as there is an entire absence of red rays. 
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This absence of the red light makes the illumination one that is 
very easy on the eyes but, on account of the color, its use is lim- 
ited to the lighting of shops, offices, and drafting rooms, or in 
display windows where the goods shown are not changed in appear- 
ance by its color. It is also coming into use to a large extent in 
photographic work on account of the actinic properties of its light. 

POWER DISTRIBUTION. 

The question «of power distribution for electric lamps and 
other appliances is taken up fully in the section on that subject, 
therefore it will be treated very briefly here. . The systems may 
tie divided into: 

1. Series Distribution Systems. 

2. Multiple-Series or Series-Multiple Systems. 

3. Multiple or Parallel Systems. 

They apply to both alternating and direct current. 

The Series System is the most simple of the three; the lamps, 
as the name indicates, being connected in series as shown in Fig. 
29. A constant load is necessary if a constant potential is to be 
used. If the load is variable, a constant-current generator, forms 
of which are described in "Types of Dynamo- Electric Machinery", 
or a special regulating device is necessary. Such devices are con- 
stant-current transformers and constant-current regulators as ap- 
plied to alternating-current circuits. 

The series system is used mostly for arc and incandescent 
lamps when applied to street illumination. Its advantages are 
simplicity and saving of copper. Its disadvantages are high volt- 
age, fixed by the number of lamps in series; size of machines is 
limited since they cannot be insulated for voltage above about 
0,000; a single open circuit shuts down the whole system. 

Alternating-current series distribution systems are being used 
to a very large extent. By the aid of social transformers, or regu- 
lators, any number of circuits can be run from one machine or set 
of bus bars, and apparatus can be built for any voltage and of any 
size. It is not customary, however, to build transformers of this 
type having a capacity greater than 100, 0.(>-ampere lamps. 

The constant-current transformer most in use for lighting 
purposes is the one manufactured by the General Electric Company 
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and commonly known as a "tub" transformer. Fig. 30 shows 
such a transformer when removed from the case, and Fig. 29 gives a 
diagram of the connection of a single-coil transformer in service. 
Referring to Fig. 30, the fixed coils A form the primaries 
which are connected across the line; the movable coils B are the 
secondaries connected to 
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the lamps. There is a re- 
pulsion of the coils B by 
the coils A when the cur- 
rent flows in both circuits 
and this force is balanced 
by means of the weights 
at W, so that the coils 1> 
take a position such that 
the normal current will 
flow in the secondary. On 
light loads, a low voltage 
is sufficient, hence the sec- 
ondary coils are close 
together near the middle 
of the machine and there 
is a heavy magnetic leak- 
age. When all of the lamps 
are on, the -coils take the 
position shown when the 
leakage is a minimum and 
the voltage a maximum. 
When first starting up, the 1 
transformer is short-cir- 
cuited and the secondary 
coils brought close to- 
gether. The short circuit is then removed and the coils take a 
position corresponding to the load on the line. 

These transformers regulate from full load to \ rated load 
within -jY ampere of normal current, and can be run on short 
circuit for several hours without overheating. The efficiency is 
given as 96% for 100-light transformers and 94.0% for 50-light 
transformers at full load. The power factor of the system is from 
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76 to 78 % on fall load, and, owing to the great amount of magnetic 
leakage at leas than fall load, the effect of leakage being the 
same as the effect of an inductance in the primary, the power factor 
is greatly reduced, falling to 62% at | load, 44% at \ load, and 
24% at \ load. 

Standard sizes are for capacities of 35, 35, 50, 75, and 100, 6.6 
ampere enclosed arcs. The low power factor of Bach a system on 
light loads shows that a transformer should be selected of such a 
capacity that it will be fully or nearly fully loaded at all times. 
The primary winding can be 
constructed for any voltage 
and the open circuit voltages 
of the secondaries are as fol- 
lows : 



25 light transformer. 



100 



•£300 volts. 

3200 " 

4600 " 

ceoo « 

9200 " 




Fig. 31. 



The 50-, 75-, and 100-light 
transformers are arranged for 
multiple circuit operation, 
two circuits used in multiple, 
and the voltages at full load 
reach 4,100 foreachcircniton , 
the 100-light machine. 

The second system, used 
for series distribution on 
alternating- current circuital 
consists of a constant -potential transformer, stepping down the 
line voltage to that required for the total number of lamps on the 
system, allowing 83 volts for each lamp, and in series with the 
lamps is a reactive coil, the reactance of which is automatically 
regulated, as the load is increased or decreased, in order to keep the 
current in the line constant. Fig. 31 shows such a regulator as 
manufactured by the General Incandescent Arc Light Company 
and Fig. 32 Bhows this regulator connected in circuit. The in- 
ductance is varied by the movement of the coil to include more or 
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less iron in the magnetic circuit. Since the inductance in series 
with the lamps is high on light loads, the power factor is greatly 
reduced as in the constant-current transformer; and the circuits 
should, preferably, be run fully loaded. 60 to 65 lamps on a circuit 
is the maximum limit. 

While used primarily for arc-light circuits, the same systems, 
designed for lower currents, are very readily applied to series in- 
candescent systems. 

Multiple-series and series-multiple systems combine several 
lamps in series and these groups in multiple, or several lamps in 

multiple and these groups in series, 
respectively. They have but a lim- 
ited application. 

Multiple or Parallel Systems of 
Distribution. By far the largest 
number of lamps in service are con- 
nected to parallel systems of distribu- 
tion. In this system, the units are 
connected across the lines leading to 
the bus bars at the station, or to the 
secondaries of constant-potential 
transformers. Fig. 33 shows a dia- 
gram of ten lamps connected in 
parallel. The current delivered by 
the machine depends directly on the 
number of lamps connected in service, 
the voltage of the system being kept 
constant. 

Inasmuch as the flow of current 
in a conductor is always accompanied 
by a fall of potential equal to the 
product of the current flowing, into 
the resistance of the conductor, the lamps at the end of the system 
shown will not have as high a voltage impressed upon them as 
those nearer the machine. This drop in potential is the most 
serious obstacle that we have to overcome in multiple systems, and 
various schemes have been adopted to aid in this regulation. The 
systems may lie classified as: 
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First, Cylindrical Conductors, parallel feeding. 
Second, Conical " " " 

Third, Cylindrical " anti-parallel feeding. 

Fourth, Conical 
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In the cylindrical conductor, parallel-feeding system, the con- 
doctors, A, B, C, D, Fig. 33, are of the same size throughout and 
are fed at the same end by the generator. The voltage is a min- 
imum at the lamps E and a maximum at the lamps F; the value 
of the voltage at any lamp being readily calculated. 

By a conical or tapering conductor is meant a conductor 
whose diameter is so proportioned throughout its length that the 
current, divided by the 

cross-section or the current i , 11111111 11 
density, is a constant quan- © f YYT T V V VVV Y E 
tity. Such a conductor is c o 

approximated in practice Fig. 33. 

by using smaller sizes of 
wire as the current in the U;\ OQQOQOQ(j(jQ 



lines becomes less. 

In an anti-parallel sys- 
tem, the current is fed to 
the lamps from opposite 
ends of the system as shown 
in Fig. 34. 

Multiple-Wire Sys- 
tems. In order to take ad- 



Fig. 34. 




Pig. 35. 



vantage of a higher voltage for distribution of power to the light- 
ing circuits, three- and five-wire systems have been introduced, the 
three- wire system being used to a very large extent. In this sys- 
tem, three conductors are used, the voltage from each outside 
conductor and the middle neutral conductor being the same as for 
a simple parallel system. Fig. 35 gives a diagram of this. By 
this system the amount of copper required for a given number of 
lamps is from five-sixteenths to three-eighths of the amount 
required for a two-wire distribution, depending on the size of the 
neutral conductor. The saving of copper together with the disad- 
vantages of the system is more fully treated in the paper on 
Power Transmission. 
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ILLUniNATION. 

Illumination may be defined as the quality and quantity of 
light which aids in the discrimination of outline and the percep- 
tion of color. Not only the quantity, but the quality of the light, 
as well as the arrangement of the units, must be considered in a 
complete study of the subject of illumination. 

The Unit of Illumination is the candle-foot and its value is 
the amount of light falling on a surface at a distance of one foot 
from a source of light one candle-power in value. The law of in- 
verse squares, namely, that the illumination from a given source 
varies inversely as the square of the distance from the source, 
shows that the illumination at a distance of two feet from a sin- 
gle candle-power unit is .25 candle-foot. For further considera- 
tion of the law of inverse squares, see " Photometry". 

Illumination may be classified as ustful illumination, when 
used for the ordinary purposes of furnishing light for carrying on 
work, taking the place of daylight, and scenic illumination. The 
latter applies to all forms of decorative lighting such as stage 
lighting, etc. The two divisions are not, as a rule, distinct, but 
the one is combined with the other. 

Intrinsic Brightness. By intrinsic brightness is meant the 
amount of light emitted per unit surface of the light source. Table 
3 gives the intrinsic brightness of several light sources. 

TABLE 3. 
Intrinsic Brilliancies in Can die -Power per Square Inch. 



Rough equivalent values, taking 
account of absorption. 



Source Brilliancy Notes. 

Sun in zenith 600,000 

Sun at 30 degrees elev 500,000 

Sun on horizon 2,000 

Arc light 10,000 to 100,000 Maximum about 200,000 in crater. 

Calcium light 5,000 

Nernst "glower" 1,000 Unshaded. 

Incandescent lamp 200-300 Depending on efficiency. 

Enclosed arc 75-100 Opalescent inner globe. 

Acetylene flame 75-100 

Welsbach light 20 to 25 

Kerosene light 4 to 8 Variable. 

Candle 3 to 4 

Gas flame 3 to 8 Variable. 

Incandescent (frosted) 2 to 5 

Opal shaded lamps, etc. .. .0.5 to 2 
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Regular Reflection. Regular reflection is the term applied to 
reflection of light when the reflected rays are parallel. It is of such 
a nature that the image of the light source is seen in the reflection. 
The reflection from a plane mirror is an example of this. It is use- 
ful in lighting in that the direction of light may be changed 
without complicating calculations aside from deductions necessary 
to compensate for the small amount of light absorbed. 

Irregular Reflection, or diffusion, consists of reflection in 
which the reflected rays of light are not parallel but take various 
directions, thus destroying the image of the light source. Rough, 
unpolished surfaces give such reflection. Smooth, unpolished sur- 
faces generally give a combination of the two kinds of reflection. 
Diffused reflection is very important in the study of illumination 
inasmuch as diffused light plays an important part in the lighting 
of interiors. This form of reflection is seen in many photometer 
screens. Light is also diffused when passing through semi- 
transparent shades or screens. 

In considering reflected light, we find that, if the surface on 
which the light falls is colored, the reflected light may be changed 
in its nature by the absorption of some of the colors. Since, as has 
been said, in interior lighting the reflected light forms a large part 
of the source of illumination, this illumination will depend upon 
the nature and color of the reflecting surfaces. 

Whenever light is reflected from a surface, either by direct or 
diffused reflection, a certain amount of light is absorbed by the 
8U rf ace. Table 4 gives the amount of white light reflected from 
different materials. 

TABLE 4. 

Material. 

White blotting paper 82 

White cartridge paper 80 

Chrome yellow paper 02 

Orange paper 50 

Yellow wall paper 40 

Light pink paper .36 

Yellow cardboard .30 

Light blue cardboard 25 

Emerald green paper 18 

Dark brown paper 13 

Vermilion paper 12 

Blue-green paper 12 

Black paper .05 

Black cloth 012 

Black velvet .004 
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From this table it is seen that the light-colored papers 
reflect the light well, but of the darker colors only yellow has a 
comparatively high coefficient of reflection. Black velvet has the 
lowest value, but this only holds when the material is free from 
dust. Rooms with dark walls require a greater amount of illu- 
minating power, as will be seen later. 

Useful illumination may be considered under the following 
heads : 

1. Residence Lighting. 

2. Lighting of Public Halls, Offices, Drafting Rooms, Shops, etc. 

3. Street Lighting. 

RESIDENCE LIGHTING. 

Type of Lamps. The lamps used for this class of lighting are 
limited to the less powerful units, namely, incandescent or Nernst 
lamps varying in candle-power from 8 to 32 per unit. These 
should always be shaded so as to keep the intrinsic brightness low. 
The intrinsic brilliancy should seldom exceed 2 to 3 candle-power 
per square inch, and its reduction is usually accomplished by appro- 
priate shading. Arc lights are so powerful as to be uneconomical 
for small rooms, while the color of the mercury- vapor light is an 
additional objection to its use. 

Plan of Illumination. Lamps may be selected and so located 
as to give a brilliant and fairly uniform illumination in a room; 
but this is an uneconomical scheme, and the one more commonly 
employed is to furnish a uniform, though comparatively weak, 
ground illumination, and to reinforce this at points where it is 
necessary or desirable. The latter plan is satisfactory in almost 
all cases and the more economical of the two. 

While the use df units of different power is to be recom- 
mended, where desirable, lights differing in color should not be 
used for lighting the same room. As an exaggerated case, the 
use of arc with incandescent lamps might be mentioned. The arcs 
being so much whiter than the incandescent lamps, the latter ap- 
pear distinctly yellow when the two are viewed at the same time. 

Calculation of Illumination. In determining the value of 
illumination, not only the candle-power of the units, but the 
amount of reflected light must be considered for the given location 
of the lamps. Following is a formula based on the coefficient of 
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reflection of the walls of the room, which serves for preliminary 
calculations : 



cj>. 1 - k 
1 = J 2 

I = Illumination in candle-feet. 
c.p. = Candle-power of the unit. 
Jc = Coefficient of reflection of the walls. 
d = distance from the unit in feet. 

Where several units of the same candle-power are used this 
formula becomes 

I = ,^. ( _ + _ + + )__ 



I 



or, c.p. = 



(A. J JL l 



lP^ tP x ^ <P 2 ^ ' 1 - k 



where d, d^ d 2 , etc., equal the distances from the point considered 
to the various light sources. If the lamps are of different candle- 
power, the illumination may be determined by combining the illu- 
mination from each source as calculated separately. An example 
of calculation is given under " Arrangement of Lamps ". 

It is readily seen that the effect of reflected light from the 
ceilings is of more importance than that from the floor of a room. 
The value of &, in the above formula, will vary from 60% to 10%, 
but for rooms with a fairly light finish 50% may be taken as a 
good average value. 

The amount of illumination will depend on the use to be 
made of the room. One candle-foot gives sufficient illumination 
for easy reading, when measured normal to the page, and probably 
an illumination of .5 candle-foot on a plane 3 feet from the floor 
forms a sufficient ground illumination. The illumination from 
sunlight reflected from white clouds is from 20 candle-feet up, 
while that due to moonlight is in the neighborhood of .03 candle- 
foot. It is not possible to produce artificially a light equivalent to 
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daylight on account of the great amount of energy that would be 
required and the difficulty of obtaining proper diffusion. 

Arrangement of Lamps. An arrangement of lamps giving 
a uniform illumination cannot be well applied to residences on ac- 
count of the number of units required, and the inartistic effect. 
We are limited to chandeliers, side lights, or ceiling lights, in the 
majority of cases, with table or reading lamps for special illumi- 
nation. 

When ceiling lamps are used and the ceilings are high, some 
form of reflector or reflector lamp is to be recommended. In any 
case where the coefficient of reflection of the ceilings is less than 
40%, it is more economical to use reflectors. When lamps are 
mounted on chandeliers, the illumination is far from uniform, be- 
ing a maximum in the neighborhood of the chandelier and a min- 
imum at the corners of the room. By combining chandeliers 
with side lights it is generally possible to get a satisfactory arrange- 
ment of lighting for small or medium-sized rooms. 

As a check on the candle-power in lamps required, we have 
the following: 



f 




For brilliant illumination allow one candle-power 
per two square feet of floor space. In some particu- 
lar cases, such as ball rooms, this may be increased 
to one candle-power per square foot. <o 

For general illumination allow one candle- 
power for four square feet of floor space, and 
strengthen this illumination with the aid of special 
lamps as required. The location of lamps and the 
height of ceilings will modify these figures to some 
extent. 

As an example of the calculation of the 
illumination of a room with different arrange- 
ments of the units of light, assume a room 7 L 
16 feet square, 12 feet high, and with walls 
having a coefficient of reflection of 50%. 
Consider first the illumination on a plane 3 
feet above the floor when lighted by a single group of lights 
mounted at the center of the room 3 feet below the ceiling. If a 
minimum value of .5 candle-foot is required at the corner of the 
room we have the equation 




Fig. 36. 
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6*. J). 



12.8* 



X 



1-.5 



Since d = \ & 2 + 8 a + (> a = 12.8 (see Fig. 3«) 
Solving the above for the value of <*./>., we have 

.0 

= 1 



C.JK 



= .5 X 82 = 41 



164 



X 



.5 



Three lti-candle- power lamps would serve this purpose very 
well. 

Determining the illumination directly 
under the lamp, we have: 



I = 48 x -™- X 



1-.5 



= : u i X 2 = 

6b 



2.7 candle-feet, or five times the value of the 
illumination at the corners of the room. 

Next consider four 8 -candle- power lamps " 
located on the side w T alls 8 feet above the 
floor as shown in Fig. 37. Calculating the 
illumination at the center of the room on a 
plane three feet above the floor, we have: 




I =8(. 



+ 



+ 



+ 



"> 
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,p =. 8 2 -f- 5 2 = 64 + 25 = 89 
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Fig. 37. 



1= 8 X 



89 



X 2 = .72 candle-foot. 



The illumination at the corner of the room would be: 



I = 8(- 



89 



+ -.TV" + ore + - 



89 



345 ' 345 



>t^t 



== ^("fia" "+" ~oIK ) X 2 = .45 candle- foot. 



89 



345 



In a similar manner the illumination may be calculated for 
any point in the room, or a series of points may be taken and curves 
plotted showing the distribution of the light, as well as the areas 
having the same illumination. Where refined calculations are de- 
sired, the distribution curve of the lamp must be used for deter- 
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mining the candle-power 
in different directions. 
Fig. 38 shows illumina- 
tion curves for the Merid- 
ian lamp manufactured 
by the General Electric 
" Company. This is a form 
of reflector lamp made in 
two sizes, 25 or 50 candle- 
power. Fig. 89 giveB the 
distribution curves for the 
50-candle-power unit. 
Similar incandescent 
lamps are now being 
manufactured by other 
companies. 

Table 5 gives desirable 
data in connection with 
the use of the Meridian 
lamp. 

By means of the "Weber, 
or some other form of 
portable photometer, curves as plotted from calculations may be 
readily checked after the lamps are installed. When lamps are to 
be permanently located, the question of illumination becomes an 

TABLE 5. 
Illuminating Data for Meridian Lamps. 






LlKtal 

IiiIfiislE.y 

3 

2 
1H 


No. I Lamp (00 Watts 


No. 2 Lamp ( 1 ai Watts) 




Class Service. 


Height or 

Lamp and 

l>l;.incirr 

formlv 
Lighted 

2.9 foot. 
3.5 " 

4. 

5.75 •' 
7 " 


Distance 
Hrtween 

When Two 

or More 
are Used. 

4.9 foot. 

« 
7 " 

8.5 " 

B.8 ■ 

12 » 


Height of 
Lamp and 
Diameter 
of Onl- 

LlKhled 


Distance 


per Sq. PL 

With 


Deskor Reading 

Tallin. 


i feet 


7 feet 

8.5 ■" 
9.8 " 

12 " 
13.9 " 

11 « 


2XiO 
1.66 
155 


General Lighting. 


1 

H 


7 

85 « 

10 « 


063 
0.62 
0.41 
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important one, and it IB customary to determine, by calculation, 
the i I lnmi nation curves and the isophotals. Fig. HH. as the lines 




Fig. 38. 
ihowing equal illumination are called, for each room before install- 
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ing the lamps. This applies to the lighting of large interiors 
more particularly than to residence lighting. 
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Dr. Louis Bell gives the following in connection with resi- 
dence lighting: 

TABLE 6. 



Room. 8 c.p. 

Hull, lo x **y • 8 

Library, 20' X 20* 12 

Reception room, 15* X 15' 4 

Music room, 20* X 25* 12 

Dining room, 15' X 20* 14 

Billiard room, 15' X 20' 

Porch 

Bedrooms (6), 15' X 15' 

Dressing rooms (2), 10' X 15'. . 
Servants' rooms (3), 10* X 15'. . 

Bathrooms (3), 8' X W 

Kitchen, 15' X 15' ) 

Pantry, W X 15' J 

Halls I 10 

Cellar f 1U 

Closets (4) 4 

Total 64 



16 c.p. 32 c.p. 



14 
4 
3 
3 



4 
1 



Sq. ft. 
per c.p, 

4.7 

3.1 

7.0 

3.0 

2.7 

23 

7.0 
4.7 
9.4 
5.0 



Remarks. 

8-c.p. reflector 
[lamps. 

8 reflect' r lamps 

32-c.p. with re- 

[flectors. 



Reflector lamps 
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LIGHTING OF PUBLIC HALLS, OFFICES, ETC. 

Lighting of public halls and other large interiors differs from 
the illumination of residences in that there is usually less reflected 
light, and, again, the distance of the light sources from the plane 
of illumination is generally greater if an artistic arrangement of 
the lights is to be brought about. This in turn reduces the direct 
illumination. The primary object is, however, as in residence 
lighting, to produce a fairly uniform ground illumination and to 
superimpose a stronger illumination where necessary. An Mia- 
mi nation of .5 candle-feet for the ground illumination may be 
taken as a minimum. 

In the lighting of large rooms it is permissible to use larger 
light units, such as arc lamps and high candle-power Nernst or 
incandescent units, while for factory lighting and drafting rooms, 
where the color of the light is not so essential, the Cooper Hewitt 
lamp is being introduced. High candle-power reflector lamps, 
such as the Meridian lamp, are being used to a large extent for 
offices and drafting rooms. 

The choice of the type of lamp depends on the nature of the 
work. Where the light must be steady, incandescent or Nernst 
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lamps are to be preferred to the arc or vapor lamps, though the 
latter are often the more efficient. When arcs are used, they must 
be carefully shaded so as to diffuse the light, doing away with the 
strong shadows due to portions of the lamp mechanism, and to re- 
duce the intrinsic brightness. Such shading will be taken up 
under the heading " Shades and Reflectors ". Arcs are preferable 
to incandescent lamps when colored objects are to be illuminated, 
as in stores and display windows. 

In locating lamps for this class of lighting, much depends on 
the nature of the building and on the degree of economy to be ob- 
served. For preliminary determination of the location of groups, 
or the illumination when certain arrangement of the units is 
assumed, the principles outlined under " Residence Lighting" 
may be applied. It has been found that actual measurements 
show results approximating closely such calculated values. 

When arcs are used they should be placed fairly high, twenty 
to twenty-five feet when used for general illumination and the 
ceilings are high. They should be supplied with reflectors so as 
to utilize the light ordinarily thrown upwards. When used for 
drafting-room work, they should be suspended from twelve to fif- 
teen feet above the floor, and special care must be taken to diffuse 
the light. 

Incandescent lamps may be arranged in groups, either as side 
lights or mounted on chandeliers, or they may be arranged as a 
frieze running around the room a few feet below the ceiling. The 
last named arrangement of lights is one that may be made artistic, 
but it is uneconomical and when used should serve for the ground 
illumination only. Reflector lights may be used for this style of 
work and the lights may be entirely concealed from view, the re- 
flecting property of the walls being utilized for distributing the 
light where needed. 

Ceiling lights should preferably be supplied with reflectors, 
especially when the ceilings are high. 

Measurements taken in well-lighted rooms having a floor 
space of from 1,000 to 5,000 square feet show an average of 3 to 
8.5 square feet per candle-power. About 2.5 square feet per can- 
dle-power should be allowed when brilliant lighting is required or 
the ceilings are very high, while 3.75 square feet per candle power 
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will give good illumination when lights are well distributed and 
there is considerable reflected light. 

In factory and drafting room lighting, the lamps must l>e ar- 
ranged to give a strong light where most needed, and located to 
prevent such shadows as would interfere with the work. 

Following are tables showing the number and distribution of 
arc and mercury-vapor lamps for lighting large rooms. Table 7 
defers to arc lights as actually installed. 

TABLE 8. 
Lighting Data for Cooper- Hewitt Lamps. 

**<ifting Room. 2,140 sq. ft. 8 V-5 lamps. 

265 sq. ft. per lamp. 8 X 3.3 amperes = 20.5 amp. 
voltage 110. 80 sq. ft. per amp. 

ce. 1,100 sq. ft. 3 II— t lamps. 

306 sq. ft. ]>er lamp. 3x3.3 amp. = 10 amp. 

voltage 110. 110 sq. ft. ]>er amp. 

rtctnry. 12,000 sq. ft. 30 V-4 lamps. 

400 sq. ft. per lamp. 30x1.7 amp. ----- 51 amp. 

voltage 110. 

STREET LIGHTING. 

In studying the lighting of streets and parks, we rind that, 

Except in special cases, such as narrow streets and high buildings, 

there is no reflected light which aids the illumination aside from 

that due to special shades or reflectors on the lamp itself. Such 

reflectors are necessary if the light ordinarily thrown above the 

horizontal plane is to he utilized. 

In calculating the illumination due to any type of lamp at a 
given point it is necessary to know the distribution curve of the 
lamp used and the distance to the point illuminated. The approxi- 
mate illumination is given by the 
formula, 






T= C - p ' 

h* + </* 

when I — illumination in candle- 

feet. FiR - 4 °- 

<\p. = candle-power of the unit, determined from the distri 
bution curve of the lamp. 
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A = distance the lamp is mounted above the ground, in feet, 
and d = distance from the base of the pole supporting the lamp 
to the point where the illu- 
mination is being considered- 
See Fig. 40. 

While this will give the 
illumination in candle-feet, 
the nature of the lighting 
cannot he decided from this 
alone, bat the total amount of 
light must also be considered. 
Thus, a street lighted with Fig. 41. 

powerful units and giving a 

minimum illumination of .05 candle-foot would be considered better 
illuminated than one having smaller units so distributed as to give 
the same minimum value. 

Since a uniform dis- 
• 80° 40 * -«* tribution of light is de- 

sirable, for economic 
reasons, the ideal distri- 
bution curve of a lamp 
for street lighting would 
be a curve which shows 
a low value of candle- 
power thrown directly . 
20* downward, but with the 
candle-power increasing 
3( f as we approach the hori- 
zontal. Such an ideal 
distribution curve is 
shown in Fig. 41. 

Actual distribution 
curves taken from com- 
mercial arc lamps are 
given in Fig. 42, in 
which 

Curve A shows distribu 
curve for a 9.0 -ampere, open, direct-current ate. 
Curve B «how« distribution curve for a 0.6 ampere, D.C. enclosed arc. 
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Curve C shows distribution curve for a 7.5-ampere, A.C. enclosed arc. 
Globes used with B and C are opal, inner globed, clear, outer globes. 
Globes used with A are clear outer globes. 
A street reflector was used with the enclosed arcs. 

A series of carves known as illumination curves may be 
readily calculated showing the illumination in candle-feet at given 




Fig. 13. 



distance from the foot of the pole supporting the lamp. Illumi- 
nation curves corresponding to the distribution curvi-n in Fig. 42 
are given in Fig. 43 where A', B', and <" correspond to A, JS, and 
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C in Fig. 42. Those curves correspond to actual readings taken 
with commercial lamps. Similar curves for incandescent lamps 
are shown in Fig. 44. A value of .03 candle-foot is about the 
minimum for good street lighting. Open arcs should be placed 
at least 25 feet above the ground ; 30 to 40 feet is better, especially 
if the space to be illuminated is quite open. With enclosed arcs 
it is often advantageous to place them as low as 18 to 20 feet from 
the ground. Table 9 gives the distance between lights for dif- 
ferent types of ares for good illumination. 



Distance Lights 

Kind of Light. lietween Lights. Per Mile. 

6.6-ampere enclosed D.C. arc 310 Feet. 15 

9.6-ampere open D.C. arc 315 " 17 

6.6-ampere enclosed A.C. arc. 275 " IB 

6.6-ampere open D.C. arc 260 " 30 

In considering the type of arc light to be used we mast turn 
to the illumination curves as shown in Fig. 43. These curves 
show that the illumination from a 
direct, cur rent open arc in its present 
form is superior to that from a direct- 
current enclosed arc, taking the same 
amount of power, in the vicinity of 
, the pole, but at a distance of 100 feet, 
],\ u _ 4i. the illumination from the enclosed 

arc is better. This illumination is 
still more effective on account of the absence of such strong light 
aa is given by the open arc near the pole. The pupil of the eye 
adjusts itself to correspond to the brightest light in the field of 
vision, and we are unable to see as well in the dimly-lighted section 
as when the maximum intensity is less. The characteristics of the 
open, direct- current arc lamps are as follows: 

The mean spherical candle-power and energy required at the arc are 
variable. 

Fluctuations of light are marked, due to wandering of the arc.fiick- 
ering due to the wind and lack of uniformity of the carbons. 

Dense shadows are cast by the side rods and the lower carbon, while 
the light is objectionably strong in the vicinity of the pole. 

With the enclosed arc the mean spherical candle-power and the watts 
consumed at the arc are fairly constant. 
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No shadows are cast by the lamps, and the illumination is not subject 
to such wide variations. The enclosed arc is much superior to the open arc 
using the same amount of energy. This applies to the open arc as it is now 
used. With proper reflection and diffusion of the light such as might be 
accomplished by extensive or special shading, we ought to be able to get as 
good distribution from the open arc with a greater total amount of illumina- 
tion. 

In comparing the direct-current with the alternating-current 
enclosed arc, we see that the direct-current arc gives slightly more 
light than the alternating lamp, but this may be more than coun- 
terbalanced by the better distribution of light from the alternating- 
current lamp. The selection of A.C. or D.C. enclosed lamps will 
usually depend on other conditions, such as method of distribution 
of power, efficiency of plant, etc. 

Series incandescent lamps are used considerably for lighting 
the streets in residence sections of cities or where shade trees make 
it impracticable to use arcs. These vary in candle-power from 16 
to 50 or even higher, and are usually constructed so as to take 
from two to four amperes. The best arrangement of these is to 
mount them on brackets a few feet from the curb, with alternate 
lamps on opposite sides of the street. The distance between the 
lamps depends on their power. 50 candle-power lamps spaced 
100 feet between lamps, give a minimum illumination of .02 
candle-foot. 25 candle-power lamps spaced 
75 feet between lamps will serve where econ- 
omy is necessary. 

5HADE5 AND REFLECTORS. 

Lamps, as ordinarily constructed, do not 
always give a suitable distribution of light, 
while the intrinsic brightness is often too 
high for interior lighting. Shades are in- 
tended to modify the intensity of the light, 
while reflectors are used for the purpose of 
changing its direction. Frequently the two 
are combined in various ways. Shades are 
also used for decorative purposes, but, if 
possible, these should be of such a nature as to aid illumination 
rather than to reduce its efficiency. 




Fig. 45. 
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A considerable amount of light is absorbed by the material 
used for the construction of shades. Table 10 shows the approxi- 
mate amount absorbed by some materials. 

Of the great number of styles of shades and reflectors in use, 
only a few of the more important will be considered here. 

TABLE 10. 

Per Cent 

Clear glass 10 

Alabaster glass 15 

Opaline glass 20-40 

Ground glass 25^30 

Opal glass 25-60 

Milky glass 30-80 

Ground glass 24.4 

Prismatic glass 20.7 

Opal glass 32.2 

Opaline glass 23.0 






Fig. 47. 



One of the simplest methods of shading incandescent lamps 
is by the use of " frosted " globes. These serve to reduce the 
intrinsic brightness of the lamp, and should be freely used for resi- 
dence lighting when separate shades are not installed. Frosted 
globes are also used in connection with reflectors for the purpose of 
diffusing the reflected light. The McCreary shade as shown in 
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Fig. 45 is an example of such a combined shade and reflector. 
Fig. 46' shows the distribution curve taken from an incandescent 
lamp using a Mcl'reary shade. Fig. 47 shows the distribution 
of light from a conical shade. Fig. 3'.t shows the distribution of 




Fig. 48. 






light brought about by means of a spiral filament and a reflector 
as used in the Meridian lamp. 

Ilolophane globes are made for both reflecting and diffusing 
the light, and they can be made to bring about almost any desind 
distribution with but a small amoun t of absorption of light. These 
consist of shades of clear glasB having horizontal grooves forming 
surfaces which change the direction of light by refraction or total 
reflection as is necessary. The diffusion of light is effected by 
means of deep, rounded, vertical grooves on the interior surface of 
the globe. While these globes are of clear glass and absorb an 
amount of light corresponding to clear glass, the light is so well 
diffused that the filament of the lamp cannot be seen, and the globe 
appears as if made of some semi -trans parent material. The ob- 
jections to globes of tins type are their high cost and the difficulty 
in keeping them clean. 

Fig. 48 shows an enclosed arc lamp fitted with a shade and 
a concentric "diffuser". This shade is applied to an inverted arc, 
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which is a direct -current arc in which the lower carbon is made 
positive. The effect of this combination is best shown in Fig. 49. 
Fig. 50 shows the change in the illumination curve produced by 
such shading. Inverted arcs have a considerable application when 
the light may be readily reflected and diffused as in lighting large 
rooms with light finish. 

Fig. 51 shows another form of adjustable diffuser which finds 
application when a soft light is required for a definite direction. 
This shade is very readily adapted to shop lighting. 




Fig. 49. 

The use of opal enclosing globes is recommended for arc lamps 
used for street lighting for the reason that they change the dis. 
tribntion of the light so that it covers a greater area, and the light 
is so diffused as to obliterate shadows in the vicinity of the lamp. 
Table 11 gives the efficiency of different globe combinations for 
street lighting assuming the ojwil inner and the clear outer globes 
as 100%. 

TABLE II. 

Opal enclosing and clear outer 100 per cent. 

Clear " " clear " 91.2 " 

■ " " opal " 85.1 " 

Opal " " opal « 82.7 
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PHOTOMETRY, 

Photometry is the art of comparing the illuminating proper. 
ties of light sources, and forms one branch of scientific measure- 
ment. Its use in electric illumination is to determine the relative 
values of different types of lamps as sources of illumination, to- 
gether with their efficiency ; also by means of the principles of 
photometry, we are able to study the distribution of illumination 
for any given arrangement of light sources. 

LAMPS WITH OPAL GLASS SHADES. 

* 4 * 




LAMPS VTTH CONCENTRIC LIGHT DTruSCRS 





Fig. 50. 

Light Standards. Inasmuch as sources of light are com- 
pared with one another in photometry, we must have some stand- 
ard, or unit, to which all light sources are reduced. This unit is 
usually the candle-power and the rating of most lamps is given 
in candle-power. 

While the candle-power remains the unit and is bawd on the 
standard English candle, other light standards have lxvn intro- 
duced and are much more desirable. 

The English Candle. The English candle is made of sperm - 
aceti extracted from crude sperm oil, with the addition of a hiiiuII 
quantity of beeswax to reduce the brittleness. Its length i'h ten 
inches, and its diameter .9 inch at the bottom and .8 inch at th« 
top, and its weight is one-sixth of a pound. Great care if> * 
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!u the preparation of the wick and spermaceti. This candle burns 
with a normal height of llmm.* of 45 millimeters and consumes 
120 grains per hour when burning in dry air at normal atmos- 
pheric pressure. Under these conditions, the light given by a 
single candle is one candle-power. 

When used for measurements, the candle should be allowed 
to burn at least fifteen minutes before taking any readings. Al 
the end of this period the wick should be trimmed, if necessary, 




Fig. 51. 

and when the flame height reaches 45 millimeters, readings can 
be taken. The candle should not require trimming when the 
proper height of flame has been reached. It is best to weigh the 
amount of material consumed by balancing the candle on a proper- 
ly arranged balance when the first reading is taken, and again bal- 
ancing at the end of a suitable period — ten to fifteen minutes. 
The candle-power of the unit is then, practically, directly propor- 
tional to the amount of the material cousumed. 

The objections to the candle as a unit are that it burns with 
an open flame which is subject to variation in height and to the 
effect of air currents. The color of the light is not satisfactory, 
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being too rich in the red rays and the composition of the s[*nna- 
ceti is more or less uncertain. 

The German Candle is made of paraffine. very pun?, and 
burns with a normal flame height of 50 millimeters and is subject 
to the same disadvantages as the English candle. It may be nec- 
essary to trim the wick to keep the flame height at 50 millimeters. 
The light given is a trifle greater than for the spermaceti candle. 

The Cared Lamp is built according to very careful spec id- 
eations and burns colza (rape seed) oil. It has been used to a 
large extent in France, but its present application is limited. 

The Pentane Lamp is a specially constructed lamp burning? 
pen tane, prepared by the distillation of gasoline between narrow 
limits of temperature. This standard is not extensively used. 

The Amyi A c e ta te Lamp. This lamp, known also as the 
Hefner lamp, is at present the most desirable standard. It is a 
lamp built to very careful specifications, especially with regard to 
the dimension of the wick tube. It burns pure axnyl acetate *iA 
the flame height should be 40 millimeters. This flame height 
must be very carefully adjusted by means of gauges furnished 
with the lamp. Amyl acetate is a colorless hydrocarbon prepared 
from the distillation of amyl alcohol obtained from fusil oil. with 
a mixture of acetic and sulphuric acids, or by distillation of a 
mixture of amyl acetate, sulphuric acid, and potassium acetate. 
It has a definite composition, and must be pure for this use. 

The most serious disadvantage of this standard is the color of 
the light, inasmuch as it has a decidedly red tinge and is i.ot 
readily compared with whiter lights. Its value is affected so:::*-- 
what by the moisture in the air and the atmospheric pressure. \r.\\ 
it excels all other standards in that it is quite readily reproduce!. 

Below is given the accepted value of the English and German 
candle in terms of the Hefner unit. 

The Paraffine Candle (Vereinskerxe) / _ . * a - T ~ -» 
at a flame height of 50 millimeters. \ - x ~ Mef ner L mte - 

The English candle at a flame ) inn. r- » 
height of 45 millimeters. . . . f = 1H He,ner L mt5 - 

Working Standards. The units just described, together wit}, 
Borne others, form reference standards, but an incandescent la:nj, 
is generally used a3 the working standard in all photometer*. An 
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incandescent lamp, when used for this work, should be burned for 
about two hundred hours, or until it has reached the point in the 
life curve where its value is constant, and it should then be 
checked by means of some standard when in a given position and 
at a fixed voltage. It then serves as an admirable working stand- 
ard if the applied voltage is carefully regulated. Two such lamps 
should always be used — the one to serve as a check on the other; 
the checking lamp to l>e used for very short intervals only. 

Photometers. Two light sources are compared by means of 
a photometer which, in one of its simplest forms, consists of 
what is known as a Bunsen screen mounted on a carriage be- 
tween the two lights being compared, with its plane at right 
angles to a line passing through the light sources, and arranged 
with mirrors or prisms so that both sides of the screen may be 
observed at once. The Bunsen screen consists of a disc of paper 
with a portion of either the center, or a section around the 
center, treated with paraffine so as to render it translucent. If 
the light falling on one side of this screen is in excess, the 
translucent sj>ot will appear dark on that side of the screen and 
light on the opposite side. Care must be taken to see that the two 
sides of the screen are exactly alike, otherwise there will be an 
error introduced in using the screens. It is well to reverse the 
screen and check readings whenever a new lot of lamps are to be 
tested. When the light falling on the two sides of the screen is 
the same, the transparent spot disappears. The values of the two 
light sources are then inversely proportional to the square of their 
distances from the screen. As an example, consider a 16 candle- 
power lamp being compared with a standard candle. Say the 
translucent spot disappears when the screen is distant 60 centi- 
meters from the standard candle, we then have the proportion, 

.<• : 1 = (240/ : (00/ = 16 : 1, 

showing that the lamp gives 1(5 candle-power. 

The above law is known as the law of inverse squares, and 
holds true only when the dimensions of the light sources are small 
compared with the distance between them, and when there are no 
reflecting surfaces present as when the readings are taken in a dark 
room. 
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The proof that the light varies inversely with the square of 
distance from the source is as follows: 

Consider two spherical surfaces, Fig. 52, illuminated liy a 
source of light at the center. The same quantity of light falls 
on both surfaces. 

Area of S — 4wl" sq. ft. i II is in feet.i 
Area of S, = 4»R', sq. ft. 
Let Q = total quantity of light and </ = light falling on 
unit surface. Then, 

Q 

Q 

''•''' 4irK' ' 4vR; 
= feK', : 4»R' 
q _ R\ 

Fig. 53 shows the relation 
in another way. The area of C, distant two units from the source 
of light A, is four times that of B which is distant one unit. 

The Lummer-Brodhuii Photometer. In addition to the 
Bunsen Screen described, 
there are several other 
forms of photometers, the 
most important of which 
i the Lummer-Brodhuu. 
The essential feature of 
this instrument is the 
optical train which serves 
to bring into contrast the 
portions of the screen 
illuminated by the t" 
sources of light. Referring to Fig. 54, the screen S is an onr 
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screen which reflects the light falling upon it from L, to the mirror 
M, when it is again reflected to the pair of glass prisms A, B. 
The surfaces sr are ground to fit perfectly and any light falling on 
this surface will pass through the prisms. Light falling on the 
surface ar or bs will be reflected as shown by the arrows. We 
see then that the light from L, which falls on ar and bs 9 is reflected 
to the eye piece or telescope T, while that falling on sr is trans- 
mitted to and absorbed by the black interior of the containing 
box. Likewise, the light from the screen L t is reflected by the 







Fig. 54. 

screen M, to the pair of prisms A, B. The rays falling on the 
surface sr pass through to the telescope T, while the rays falling 
on ar and bs are reflected and absorbed by the black lining of the 
case. The field of light, as then viewed through the telescope, 
appears as a disc of light produced by the screen L 15 surrounded 
by an annular ring of light produced by L. When the illumina- 
tion on the two sides of the screen is the same, the disc and ring 
appear alike and the dividing circle disappears. 

In using this screen, it is mounted the same as the Bur sen 
screen and readings are taken in the same manner. The screen 
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and prisma are arranged so that they can be reversed readily and 
two readings should always be taken to compensate for any ine- 
qualities in the sides of the screen and the reflecting surfaces, a 







mean of the two readings serving as the true reading. This form of 

screen is used when especially accurate comparisons are required. 

Fig. 55 shows a complete photometer with a Lnmmer-Brod- 

bun screen, while Fig. 5(1 shows a Bunsen Screen and sight box. 
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In Fig. 55, the lamps are shaded by means of curtains so as to 
leave only a small opening toward the screen. 





Fig. 5ft. 

The Weber Photometer. As an example of a portable type 
of photometer, we have the Weber. This photometer, shown in 
Fig. 57, is very compact and is especially adapted to measuring 
intensity of illumination as 
well as the value of light 
sources; it may be used for 
exploring the illumination of 
rooms or the lighting of 
streets. 

This apparatus consists of 
a tube A, Fig. 58, which is 
mounted horizontally and 
>ntains a circular, opal glass 
I plate f, which is movable by 
1 means of a rack and pinion. 
3 To this screen is attached an 
index finger which moves 
over a scale attached to the 
outside of the tube. A lamp 
L, burning benzine, is 
mounted at the end of this tube. The benzine ased should be as 
pure as possible, and the flame height should be carefully ad jnsted 
to 20 mm. when taking readings. At right angles to the tube A 
is mounted the tube B which contains an eye piece at O, a Lam- 
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mer-Brodhun contrast prism at y/ and a sup|»ort for of ml or colored 
glass plates at y. 

Operation. The tube li is turned toward the source of light 
to be measured, the distance from the light to the screen at */ l»e- 
ing noted. The light from this source is diffused by the screen 
at ffj while that from the standard is diffused by the screen/'. By 
moving the screen f* the light falling on either side of the prism 
p can be equalized. The value of the unknown source can 1*» 
determined from the reading of the screen/', the photometer hav- 
ing previously been cali- 
brated by means of a stand- 
ard lamp in place of the 
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one to be measured. Thej 
calibration may be plotted 
in the form of a curve or 
it may be denoted by a con- 
stant, C, when we have the 
formula, 

r - c — - 

C corresponds to a par- 
ticular plate at y, 

I = distance of screen 
/"from the benzine lamp, 

and L = distance from the. 

screen y to the light source L°_ L 

being measured. Screens 

of different densities may 

be used at jr, depending on the strength of the light source. 

When used for measuring illumination, a white screen is used 
in connection with this photometer. The screen is mounted in 
front of the opening at y % and turned so that it is illuminated by 
the source being considered. Readings of the screen/' are taken as 
Ijefore. A calibration curve is plotted for the instrument, using 
a known light source at known distance from the white screen 
when the instrument is mounted in a dark room. 

A photometer, known as the Matthews' Integrating Photom- 
eter, has recently been placed on the market, and a very good idea 



Fig. rw. 
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of its construction can be obtained from Fig, 5S). By means of a 
system of mirrors, the light given by the lamp in several direc- 
tions may he integrated and thrown on the photometer Bcreen for 
comparison with the Btandard. the result giving the mean spherical 
candle -power from one reading. By covering all but one pair of 
screens, the light given in any one direction is easily determined. 
Incandescent Lamp Photometry. Apparatus. Some sort 
of screen, either the Ban sen type or the Lummer-Brodhno screen 
preferred, should be mounted on u carriage moving on a suitable 
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scale, and the lamp holders, one for the standard, the other for the 
lamp to be tested, are mounted at the ends of this scale. There 
ar« several types of so-called station photometers arranged so as 
to be very convenient for testing incandescent lamps. Fig. 60 




^■howa one form of station photometer manufactured by Queen & 
KJo. The controlling rheostats and shielding curtains are not 
«bown here. Fig. 01 shows a form of portable photometer for in. 
candescent lamps. The length of scale should not he less than 
100 centimeters, and 150 to 200 centimeters is preferred. This 




scale may be divided into centimeters or, for the purpose of doing 
away with much of the calculation, the scale may he a pnijior- 



tiorutl scale. This scale is based on the law of i 



'He squares 



and reads the ratio of the squares of the distances from the two 
lights being compared. If the standard used always has tb* «„,,„. 
value, the scale may be made to read in candle-powers 
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For mean horizontal candle-power measurements, the lamp 
3hould be rotated at 180 revolutions per minute, when mounted in 
a vertical position. 

For distribution curves a universal lamp holder which will 
allow the lamp to be placed in any position, and which indicates 
this position, is used. 

For mean spherical candle-power, the following method is 
used when the Matthews photometer is not available: 

The lamp is placed in an adjustable holder and readings taken 
with the lamp in thirty -eight positions, as follows: 

The measurement of the spherical intensity. For conven- 
ience the tip of the lamp and its base may be termed the north 
and south poles respectively. 

" The mean of 13 readings taken at intervals of 30°, is taken 
to give the mean horizontal candle-power. 

Beginning again at 0° azimuth, thirteen readings are made in 
the prime meridian or vertical circle, the interval again being 30°, 
and the last reading checking the first. 

It will be noticed that four readings, two being check read- 
ings, have been made at 0° azimuth in each case. The mean of 
the four is taken as the standard rea<ling % it being the value of the 
intensity, in this position, should the lamp be used as a standard. 

Additional sets of thirteen readings each — the last reading 
checking the first one — are similarly made on each of the vertical 
circles through 45°, 90°, and 135'' azimuth. 

In combining the readings for the mean spherical intensity, 
a note is taken of the repetitions. 

Neglecting the repetitions, which may also be omitted in part, 
in the practice of the method, there remain thirty-eight points, as 
follows : 

Distributed 
Values. 

The mean of four measurements at the north pole of the lamp 1 

Four measurements on each of the vertical circles through (V and 90° 

azimuth at vertical circle readings of 60°, 120 ', 240~, and 300°. 8 
Four measurements on each of the vortical circles through 0°, 45"\ 
90 , and 13.V azimuth at vertical circle readings of 30% l.W, 

210 , and 310 ' 16 

Twelve measurements 30 ' apart at the equator 12 

Four null values at the south pole of lamp 1 

Total number of effective measurements 98 
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The points thus laid off on the reference sphere are approxi- 
ffl*t«»ly equidistant, being somewhat closer together at the equator 
Aafcu at the poles." 

When the lamp is rotated, readings are taken for each 15° or 
*K*~ in inclination, from 0° to SHF, and from 0° to 270°. These are 
m t«?grated values for their corresponding parallels of latitude on 
"*© unit sphere. 

The mean spherical candle-power from these readings may 
Wst be obtained by plotting a distribution curve from the read- 
ings, determining the area of this closed curve by means of a 
plan i meter and taking the radius of an equivalent circle as the 
value for the mean spherical candle-power. 

In all tests the voltage of the lamp must be very closely reg- 
ulated. A storage battery forms the ideal source of current for 
such purposes. In testing incandescent lamps a standard similar 
to the lamp being tested is desirable and it should, preferably, be 
connected to the same leads. Any variation in the voltage of the 
mains then affects both lamps and the error introduced is slight. 

Arc Light Photometry. Owing to the variation of the 
amount of light given out by an arc lamp in one direction at any 
time, due to variation of the qualities of the carbons, position of 
the arc, and also on account of the color of the light, etc., the pho- 
tometry of arc lamps is much more difficult than that of incan- 
descent lamps. The curves shown in Figs. 10 and 11 are average 
distribution curves taken from several lamps and will vary con- 
siderably for any one lamo. If the arc is enclosed, this variation 
is not so great. 

The working standard should be an incandescent lamp run at 
a voltage above the normal so that the quality of the light will 
compare favorably with that of the arc. Since an incandescent 
lamp deteriorates rapidly when run at over voltage, the standard 
can be used only for short intervals and must be frequently 
checked. 

Since an arc lamp can be mounted in one position only, mir- 
rors must be used to obtain distribution curves. A mirror is used 
mounted at 45 D with the axis of the photometer, and arranged so 
as to reflect the arc when in different positions. A mirror absorbs 
a certain per cent of the light falling upon it and this per" 
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must be determined by using lamps previously standardized. 
The length of the photometer bar must include the distance from 
the mirror to the arc. 

The Weber photometer is well adapted to arc-light measure- 
ments inasmuch as appropriate screens may be used to cut down 
the intensity of the light. 

A special form of the Matthews' photometer is also used 
for testing arc lamps. 
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It ia only within a few years that what is now regarded as 
proper attention to lighting has been considered in the design and 
construction of factory buildings. Formerly, a shop seemed to be 
designed more to protect the tools and materials from the weather, 
than to afford any degree >>F OonvenietKSJ or comfort for the work- 
men. It ia now regarded as good business policy (in other words. 




it pays) to provide buildings which are properly heated, lighted, 
and ventilated. In such buildings, it has been found that work- 
men are more content, do better work, and produce more. From 
the old-fashioned blacksmith shop, in which each smith was sup- 
posed to work by the light of his own fire, it is ;i far cry to shops 
such as those of the National Cash Register Company at Dayton, 
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t Ihio, in which (lit- comfort and connenieoee of the employees has 
been glTi Mention that swmfi to the old shop inan- 

Mifers to partake uf the nature of coddling. 

UlSTRIBLfTION OF SUNLMHT. 

In considering this question of lighting, it is well understood 
nrlight IB the best light, especially when it is not accom- 
panied bj tin/ direct rays of tin- sun. To proj>erlv distriliate day- 
light — which is, of course, the cheapest light — over large in 
the lir.-t prol dom to t>e considered in the design of new shop build ■ 




Thia may be accomplished in a number of ways. Where 
buildings are several stories in height, and where light, except in 
the upper Btory, mnsl be admitted from side windows, those win- 

honld reach from the top of the Ixmcb lo the ceiling. A 
given amount of glass arranged in this manner gives a much 
better general distribution of light than the name amount of 

ul [uto the ordinary form of short windows. The amount 
of light in the ''enter of the room tie|>eiids very largely upon the 
height of the windows at the side. All modern factory buildings 
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are now lighted by long, narrow windows. The common type of 
shop, consisting of an open floor with a gallery on both sides, is 
usually lighted, in addition to the tall side windows, by glass in 
the sides of the monitor roof. If these monitor windows are kept 
clean, they add greatly to the light of the main floor. 

The best system of roof lighting is by means of what ia termed 
a "saw- tooth" roof, the short and comparatively steep side of the 
tooth being composed wholly of glass. This glass should face as 
nearly north as possible, in order to avoid the direct Bunlight. In 
this connection, it will be 
remembered how the work- 
men of the old school, es- 
pecially if employed on work 
requiring close application, 
always selected a north win- 
dow, even if the view there- 
from was not so pleasing aa 
that from some Other, point 
of the compass. This saw- 
tooth roof may be used on 
the top of a monitor in place 
of side windows, and it re- 
sults in a much better light- 
ed floor. 

Old shops, is which a 
change in amount or loca- 
tion of glass area is impossible, can have their light increased in 
amount and better distributed by a judicious arrangement of ma- 
chines, and, particularly, by keeping the walls and ceilings as nearly 
pure white as possible. Whitewash is so cheap and so easily ap- 
plied by modern pneumatic methods, that there is little or no excuse 
for neglect in this particular. Whitewash can easily be made so 
that it will not readily rub off, in fact, so that it can be washed; 
but in most cases a fresh application is preferable to cleaning 
The removal of all possible belting {which can be accomplished 
by electric driving, either individually or by the group system) 
adds largely to the lighting effect, and also, by the suppression 
of dust and flying oil, keeps the walls and ceilings in much 
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better condition. Some factories carry this whitening effect to 
the point of having the machine tools painted white and var- 
nished. This not only avoids dark spots in the room, but shows 
plainly any neglect of machinery. In a shop equipped in this 
manner, the dirty and slothful workman is entirely out of place, 
and he usually changes his habits or seeks some other shop where 
his natural conditions prevail. 

ARTIFICIAL LIGHTING. 

Artificial lighting, which is usually required in northern lati- 
tudes, may be divided into three classes: General lighting, in- 
dividual lights, and portable lights. 

Lighting by candles, except in some cases of portable lights, 
has entirely disappeared; but many country shops still have to de- 
pend upon oil as an illuminant. In such cases, large lamps of the 
Argand type are suspended from the ceiling for general illumi- 
nation, and small flat-wick lamps, preferably on swinging wall 
brackets, are used for the individual. The quality of this illumi- 
nation depends, first, upon the care of the lamps, and, second, up- 
on the quality of the oil. Oil lights at best are dirty and entail 
a large amount of labor. They are objectionable in that they 
must be kept from draughts of air, which smoke the chimneys, 
and thus the shop is often deprived of proper ventilation. 

Gas is more frequently used for shop lighting than any other 
artificial illuminant. It may be classed under the heads of oil gas, 
coal gas, natural gas, and acetylene. For the isolated shop, oil gas 
and acetylene are particularly adapted, as such gas plants are easily 
installed and require but little attention. In every case, the gas 
plant should be entirely separate from the factory building, and 
preferably under ground. While acetylene furnishes a light 
almost ideal in character, it is particularly poisonous, although leak- 
age is readily detected by its odor. A more serious drawback is 
that this gas forms violently explosive compounds when mixed 
with air in comparatively small proportions. Many serious and 
some fatal accidents have occurred by failure to realize the impor- 
tance of this fact. These installations should be made only by 
those thoroughly familiar with the subject, and their use must be 
carefully guarded. 
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Coal gas is very largely used for shop lighting, on account of 
its comparative cheapness and the fact that, even in small cities, it 
can he readily obtained. As it is also used in many shops for heat- 
ing, in connection with the Bunsen burner and blowpipe, it serves 
a double function which renders it peculiarly adapted for factory 
purposes. The ordinary open fish-tail burner, consuming about 
six cubic feet per hour, is the type of burner generally used. This 
light is objectionable on account of the fact that it vitiates the air; 
this, in the winter months when the windows are closed, becomes 
a serious matter, and calls for largely increased ventilation. The 
light flickers, even in still air, which makes it very trying to one's 
eyes when engaged on fine work, and this difficulty is further in- 
creased by currents of air caused by open 
windows or moving belts. 

THE WELSBACH BURNER. 

Ordinary illuminating gas used in 
connection with a Welsbach burner,fur- 
nishes a very steady light with about 
one-half the gas consumption necessary 
for the open light. The Welsbach light 
is liesteuited for generallighting, where 
two or more burners are contained in the 
same globe and suspended from the ceil- 
ing. As an individual light, the Wels- 
bach is not in great favor, on account of 
its ghastly color combined with a faint 
tinge of green, which renders it objec- 
tionable to many workmen. The man- 
tle used in the Welsbach light is ex- 
tremely fragile, and it is quickly put 
out of commission by shocks, vibration, and air currents. For 
these reasons it is not so welt suited for use in the shop as it is for 
domestic purposes. The Welsbach light, however, is not depend- 
ent upon the illuminating quality of the gaB, but upon the incan- 
descence of the mantle, which may Iw produced by any form of 
fuel gas without the enriching necessary to make it suitable for 
use in an open burner. Natural gas, therefore, which is used for 
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heating in many sections of the country, can also be used for light - 
iog if employed in the Welsh»ch burner. As this gas is rery 
cheap, it often joys to use it in tins manner. 
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ELECTRIC LIGHTING. 

Electric lighting is rapidly being introduced for shop pur- 
poses, especially when the current is generated in the factory. 
The arc light Ib commonly used for general illumination, and the 
incandescent light for the individual. The open are light is being 
supplanted by the enclosed arc, with a distinct gain in economy 
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and (safety. The open arc, even with the best quality of carbon, 
is somewhat noisy, and its subject to disagreeable flickering, while 
the falling of pieces of incandescent carbon, is not only annoying, 
but dangeroiiB. The enclosed arc light requires less frequent trim- 
ming, is more steady, and owing to the fact that it is enclosed, it 
absolutely prevents danger from falling particles of carbon. Arc 





lights for general illumination are usually i 
candle- ] tower. 

The Ifi-candli'-powcr incandescent lamp is generally used lor 
individual light ; hut the H. candle -power lamp, with a suitable re- 
flector, is less dazzling and furnishes all the light necessary. The 
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Bystem adopted In some 
drafting rooms, of using an 
inverted arc — that is, one 
with the crater in the lower 
carbon — combined with a 
reflector to throw the light 
directly to the ceiling, re- 
sults in a uniformly dif- 
fnaed light. This avoid* 
the sharp shadows east by 
the direct light from the 
arc, and has much to rec- 
ommend it as a shop light, 
especially if the ceilings 
and walls are kept white. 
Then- are several styles 
of fixtures used in connec- 
tion with the Incandescent 
light to place the lamp In 
any desired position, as the 
ordinary drop light is very i 
White fixture, with its balUi 



ri 






nconveuient in this particular. The 
isd-SOCket joint, is one of the best. 
In connection with the question of electric lighting, the neces- 
6i ty of maintaining a constant voltage is one that is not given the 




COOPER HEWITT LAMP FOR GENERAL, 1NTF.SIOR I-TCHTING. 

Tjrp" H I. an luipruvoU form Of Tvjie V 6. run be operated In horizontal, vertical 

0> lui: lined position. 
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attention it deserves. It is almost impossible to secure, satisfactory 
lighting from a generator driven by the main engine, and this is 
especially trite if electric cranes are also operated from this gener- 
ator. In the best practice it is considered necessary to have a 
Separate engine and generator to-be used solely for the lighting 
system. A generator driven by the main engine is found satis- 
factory for crane service. 




The Cooper Hewitt Light. The Cooper Hewitt mercury vapor 
lamp is the cheapest form of electric lighting, and will undoubt- 
edly he the commercial light for factory use, especially in shops 
doing a tine class of work. The color of this light, dne to the 
total absence of red rays, is objectionable but not injurious; and 
further experiments will undoubtedly produce a light based on 
this principle which will meet many requirements 

For portable lighting, there is nothing at present superior to 
the incandescent lamp, for, by means of a long flexible cord, it 
can be taken to any position. The incandescent lamp, furnished 
with a magnetic base, can be attached to any iron or steel surface, 
where it will remain nntil the light is extinguished. For erection 
work, particularly, this type of lamp is peculiarly adapted. 
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The general name " electric railway " is applied to all rail- 
ways employing electric motors to supply power for the propuls- 
ion of cars. On all electric railways in commercial use today, 
the electric motor is used to furnish power to the driving wheels 
of the car or locomotive, the electric motor being the most efficient 
known means of transforming electrical into mechanical energy. 

Electric railways are usually classified according to the meth- 
ods by which current is supplied to the moving car. Thus, where 
an overhead trolley wire is used, as on the great majority of elec- 
tric railways, the term trolley road is applied. Where an insu- 
lated steel rail is laid alongside the track rail for supplying current, 
as on the "elevated" roads in America and on a few interurban roads, 
the term third-rail road is used. Where, as on the street railways 
of a few large cities, the conductors are placed in a conduit under- 
neath the surface of the street, and current is taken by means of a 
plow or shoe running in the conduit, the name electric-conduit 
railway is most commonly applied. There are also a few systems 
using conductors buried beneath the pavement, and having contact 
buttons or sections of conductor rail on the street surface, which 
sections are supplied with current by automatic electro-magnetic 
switching apparatus as the car passes, but which are normally 
dead and harmless. The overhead trolley and the third-rail 
systems are by far the most common. 

A further general classification of electric railways has re- 
cently been made because of the introduction of alternating-cur- 
rent railway motors. The great majority of electric railways em- 
ploy direct-current motors. Where alternating-current motors aie 
used, the road is spoken of as one using single-phase al f ^rnating- 
current motors or three-phase alternating-current motors, as the 
case may be. 

All electric railway systems in commercial use are operated 
on an approximately constant potential or voltage, and the various 
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electric motor cars o|>erating on the system are connected across 
the lines in parallel. The most common practice is to utilize the 
rails and ground as one side of the circuit, and the overhead trolley 
wire or " third rail " as the other side, as in Fig. 1. The trolley wire 
or third rail is, of course, thoroughly insulated from the ground. 
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Fig. 1. 

The positive poles of the generators at the power house are usually 
connected to the trolley wire, and the negative poles to the rails 
and ground. The various electric motor cars, being connected in 
parallel or multiple between the trolley wire and the ground, draw 
whatever current is necessary for their operation. Where the 
conduit system is used, both sides of the circuit are insulated from 
the ground, and the contact shoe or plow collects current from two 




Fig. 2. Railway Motor. 

conducting rails in the conduit, one of these conducting rails be- 
ing positive and the other negative. A double- trolley system is 
also in use to a limited extent. In this system, both the positive 
ami the negative sides of the circuit are insulated from the ground, 
one trolley wire l>eing positive and the other negative. 

Further discussion of the matters just outlined will be taken 
up in the succeeding pages. 
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CAR KQUIPnENT. 

nOTOKS. 
The voltage most commonly employed by electric railways ii 
500 l.i 600; uml ili.- motors are 50ft- volt direct-current series. 
wound motore, designed especially for railway service. Tin- eleo- 
trie railway motor must be duBtproof ami waterproof because of 
the [position it occupies under the cur. For thin reason electric 
railway motors are made in the form of a steel case (Fig. 2). 
which entirely Burronnds the field-magnet poles and takes the 
place of the yokes or frames that Btipjiort the fields on stationary 
motors. Cant steel is the material now usually employed for 




Kit,-. T. Railway Motor. Upper Field Raised. 

railway motor cases and fields, on account of its mechanical 
Strength anil it.-* high magnetic permeability. The four poles 
project inwardly from the ca.se, us Been in the open motor ease, 
' which is thai of a Westinghonse No. (59 motor. 

■ . motors have usually four ]Ktles because ibis permits 
of a BTUmetrical and economical arrangement of material aroQod 
the armature, and hence permits the motor to be placed in the 
small space available on the car truck. Two-pile motors have 
been n-'-d In the past, bnt they we nol as compact as the four-pole 
i\ [»■. 

Armature Winding. The armature winding is what is com- 
monly known as the series or wave winding, shown developed in 
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the paper on Direct. Current Dynamos. This winding is ah 

in Fig. i, which is an end view of an armature and commute 

In the figure, however, the armature is shown with a much ami 

mirnltt-r of slots than a railway armature should have in prac 

One reason for the employment of the wavB or series winding 

railway motor armatures, is that with this winding no croBS-i 

motions are necessary when only two brushes are used, and tl 

two brushes may be placed 90° apart in a convenient and ac 

aihle position. Another reason is that the current, in flow 

from one brush on the commutator to another, must always ] 

through the magnetic field of two poles ; that is, it mast alv 

pass through two eete of o 

A/ Thin makes it impossible for 

L-^jp^Ti^J unbalancing of the magnetic 

cuit to cause more current to I 

through one portion of the ar 

ture than is flowing through 

other portion. In a railway n* 

it has been found quite possibl 

have one pole or pair of poles 

erting a greater magnetic attrac 

on the armature than another j 

„. , , ,,.. , owing to differences in the i 

Fig. i. Armature Winding. £ 

and differences in the clearance 

tween the armature and pole-pieces, which differences cause n 

magnetic lines of force to flow from some pole-pieces than fi 

others. With the lap-armature or the ring-armature winding, si 

the various portions of the armature under different poles art 

parallel with one another, any difference in the magnetic flux 

tween different poles will cause a different amount of curren 

flow in the various paths through the armature. 

Armature Coils. Iiuilway motor armatures an- today i 
versally constructed with form-wound coils, which are wound 
a form of proper shape and carefully insulated before being pis 
in tint armature, 

Armature Leads and Brushes. In Fig. 3 is seen a a 
pie ted armature in the motor casing of a Westinghoiise No, 
motor. Since the motors are four-pole, the two sides of any 
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coil occupy Blots 00" apart in the armature coil, as indicated in 
I' i*.'. I- Tin- ends of the coils are connected to com imitator liars 
1M)"' apart. The relative position of the commutator connections 
of :tnv armature coil can, of course, he varied so as to bring the 
brushes in the most convenient position in tln> motor Baaing. 
BnutiM aw always of carbon, and am placed where, they ean be 
eaail] reached From the opening in the motor easing over the com. 
mutator. 

Opening Cases for Inspection. Accessibility for inspection 
and repairs is essential in all railway motors. A lid is always pn> 




Railway Motor. Lower Ililf e>( Casing Swung Down. 



ridud directly over the commutator to facilitate inspection of the 
commutator and brushes. To open up the motor casing for more 
extensive inspection or repairs, three general schemes are em- 
ployed. Cue is to hare the lower half of the casing swing down- 
ward on a binge as in Fig, 5, which illustrates the Wen tin "house 
No. 38B motor. The armature may be placed either in the lower 
half, as shown in Fig. o. or in the upper half. When a motor of 
this type is to be opened the cai ia run over a pit, and the repair 
men work entirely from below. 

Another scheme is to have motors open from the top, either 
by hinoin^ the upper part of the motor casing, as in Fig, S, or by 
having the lop part of the casing lift off. Where this form of 
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motor is used, the car body i* hoisted clear of the truck, and the 
trucks are run out from Wider the ear body before work is doneon 
the motors. In this case, all the work can !«■ done from above 
without the use of pits. 

A third design is the box-frame motor casing, from which 
tlie armature can be removed endwise only. Such an arrangement 
is shown in Fig. 6, which is a view of a No. 66 molorof the Gen- 
eral Electric Company. In this motor a sufficiently large opening 
is provided in the ends of the motor easing to permit of the arma- 
ture being removed endwise. A plate or head, which accurately 
tits into this opening, carries the armature bearing. In removing 
armatures from motors of this kind, the usual method is to take 







the motor out of the trucks and stand it on end with the pinion 
up. The bolts being removed from the end plate, the armature 
can then be hoisted out of the case by means of a special hook a*.. 
tached to the pinion. Another plan that has been used in remov- 
ing armatures from such motors, is to place the motor in an ap- 
paratus where the armature shaft can be held between centers, aa 
in a large lathe. The motor casing is then moved along in a di- 
rection parallel to the armature shaft, until the armature is exposed. 
This latter Ikjx- frame tyjw of motor is very compact; a stronger 
casing can be made for a given weight and space than if it were 
divided horizontally. Moreover, the magnetic circuit cannot be 
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disturbed by imperfect contact between two parts of the casing. 
Where this type of motor is used, the bearings project inward 
under the commutator and armature, thus getting long bearings 
with a short motor, which is important where the room is limited, 
as, for example, in the case of a large motor mounted on a stand- 
ard-gage truck. 

Gearing. In most cases, spur gearing is used to transmit' 
power from the armature shaft to the car axle, although a few 
motors with armatures mounted directly on the car axle are in use. 
Various gearings other than the simple spur gear have been tried, 
such as worm gears, chain and bevel gears. Practically all have 
been abandoned in favor of the single-reduction spur gearing, 
which is the most satisfactory from the standpoint of wear and 
efficiency. This gearing is shown in Figs. 3 and 5. The gearing 
is covered with a gear case (Fig. 5), which is usually of steel 
though gear cases of thin sheet metal and wood are sometimes 
used. 

Lubrication. The lubrication of railway motors was for a 
number of years carried on almost exclusively with grease, which 
it was customary to place in the gear casing and in grease boxes 
over the armature and car- axle bearings. Grease becomes most 
efficient as a lubricant only when the bearing is heated sufficiently 
to make the grease run like oil. Oil is now being used to a con- 
siderable extent, especially for larger motors. It is fed to the 
bearings by various devices that allow a very slow feed, such as 
wicks and lubricators adjusted to pass a small amount of oil per 
hour. 

Bearings. Railway motor bearings are usually of Babbitt 
metal, which metal is cast into a steel shell. This shell fits into 
receptacles in the motor casing, which can be seen in Figs. 3 and 5. 
A steel shell is used so that the worn-out bearings can be easily 
renewed and the shells taken to a Babbitt melting furnace to have 
new Babbitt poured into them. 

ilotor Suspension. Two methods of suspending motors flex- 
ibly on trucks are in common use. That end of the motor which 
has bearings on the car axle, cannot, of course, be flexibly sus- 
pended with regard to the axle; but the other end of the motor 
can, bo placed on springs, or rest on a bar supported on springs, as 
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shown in Fig. 7 Tliia suspension is commonly called nose suspen- 
sion. Instead of having a special bar and special springs for the 
nose of the motor, the nose may rest upon some part of the truck 
that is carried upon springs. Thus, on the M. C. B. type of swivel 




truck, the nose usually rests on the truck bolster, and thus gets 
the benefit both of the bolster springs and of the equalizer springs 
of the truck. Another general plan of suspension is that known 
in one form as cradle suspension, and in another form as side-bar 
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larger percentage of the weight of the motor, is evidently taken 
by the springs than in the case of nose suspension. It is desirable 
to relieve the car axle of as much dead weight as possible. By 
dead weight is meant weight resting upon it without the inter- 
vention of springs. 

CONTROLLERS. 

In an ordinary electric car, current is taken from the wire 
through the trolley wheel and pole, and is first led from the trol- 
ley base through overhead switches or a circuit-breaker, and then 
to the controller, from which it passes through the motors and 
thence through the motor frames, car truck, and wheels to the 
rails and ground. If the car is designed to be operated from 
either end, an overhead switch or circuit-breaker is placed over 
each platform of the car so that current can instantly be cut off 
entirely from the controllers by throwing the switch or circuit- 
breaker at either end of the car. 

The lighting circuit is run from the trolley base independ- 
ently of the motor circuit, and has its own switch and fuse-box. 
Current for the lights is taken from the trolley circuit before it 
reaches the main switches or circuit-breakers. Current for electric 
heaters, if such are used, is likewise taken from a separate circuit. 
On a 500- volt system five 100-volt lamps are usually connected in 
series for car lighting. As many multiples of five can be em- 
ployed as are necessary to light the car. 

Rheostat Control. The simplest form of controller is that 
employed where only one motor is used on a car. A rheostat is 
placed in series with the motor when started, just as on a station- 
ary motor; and the function of the controller is to short-circuit 
this resistance gradually until it is entirely cut out and the motor 
operates with the full voltage. The controller also has a reversing 
switch by means of which the relative connections of the armature 
and fields are reversed, which, of course, changes the direction of 
rotation of the motor armature. Such a simple equipment as this, 
however, is rarely to be found in practice. 

Series-Parallel Control. Single- truck cars usually have two 
motors, one on each axle ; and on such cars a series-parallel con- 
troller is the kind usually employed. Diagrams of connctions on 



\ 



12 ELECTRIC RAILWAYS 

the various points of a series-parallel controller (Type K6) of the 
General Electric Company, are given in Fig. 9. 

From these diagrams it is seen that the motors are first 

*oint Resistance Motor / Motor S 
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Fig. 9. Diagram of K6 Controller Combinations. 
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operated in series until all the resistance is short-circuited by the 
controller. When this has occurred, the cars are running at about 
half speed. The next point on the controller puts the two motors 
in multiple, with some resistance in the circuit, which resistance 
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is cut oat upon the following points, until at full speed the two 
motors are in multiple, without any resistance in the circuit. 

Four rtotorft. Where four motors are used on a car, as is 
frequently the case with double-truck cars, the motors on each 
truck are usually controlled just as in case of the two-motor equip- 
ment that has been described ; but each pair of motors is operated 
in multiple. That is, on the first points of the controller, the two 
motors of a pair are in series, as in Fig. 10, and the two pairs are 
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Fig. 10. Motor in Series. 

in parallel ; and in the last points of the controller, all the motors 

are in parallel, as in Fig. 11. 

Controller Construction. The controller (Tyj>e K) shown 

open in Fig. 12, which in its various forms is the type most com- 
monly used on street cars in the 
Tnited States, has a contact evl- 
inderor dnim mounted upon the 
main shaft of the controller. 
This contact drum carries con- 
tact rings insulated from the 
drum, and is suitably intercon- 
nected, as indicated in Fig. 13*/, 
which shows the contact rings 
of the controller as they would 
appear if rolled out flat. Con- 
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Fig. 11. Motor in Parallel. 



tact fingers are placed along the left side of the controller, as seen 
in Fig. 12, one for each ring on the drum; and as the controller 
handle is turned to revolve this drum, the contact fingers make 
contact with the rings on the drum and give the various connec- 
tions. Alongside the main controller drum is a reverse drum 
which simply reverses the armature connections of the two motors. 
Controller Wiring. The connection between motors, con- 
trollers, and resistances, with two motors and a KC controller is 



*6 



Pi? 




ELECTOR; RAILWAYS 



15 



shown in Fig. t3a. A careful study of this will show the combi- 
nations to be the same as indicated in the diagram, Fig. 9. The 
wiring is rather complicated; and in practice, to avoid confusion, 
the ends of each wire are lalieled with tags showing the terminals 
to which they belong. 

Reversal. He reversing handle and the main controller 




Fig. 12. Controller. 

handle are made interlocking so that the motors cannot be reversed 
without first throwing the controller to off position. This is to 
prevent damage to the motors through careless or inadvertent 
throwing of the reverse handle when the controller is on some of 
its highest points. Such a reversal would cause an enormous cur- 
rent to How through the motors, and would he likely to damage 
tfcem Mud to open nil the circuit- breakers and fuses in that circuit. 
The reason for the enormous flow of current is, of course, that the 
counter-electromotive force of the motors when reversed with the 
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car going at some speed would materially add to tbe electromotive 
force of the trolley line, instead of opposing it as when the cars 
a *"e in operation. The current flowing through the motor circuit 
^ould then be equal to (electromotive force of line + electromo- 
tive force of motors} -s- {resistance of motors*) which would re- 
sult in a very large current. 

Magnetic Blow-Out. On the Type K controller as well as on 
**iost other successful controllers, the flashing or arcing between 
Contact rings and fingers which occurs when the circuit is broken, 
is materially reduced by a magnet that produces what is called the 
Magnetic blow-out to extinguish the arc. This magnet derives its 
current from the main circuit, and is so arranged as to create a 
strong magnetic field in the neighborhood of the place where the 
arc is formed. Fig. 12 shows a Type K controller open with the 
magnetic blow-out magnet thrown back on a hinge. The coil 
which produces this magnet is seen in the right side of the con- 
troller. The main contact drum is in the middle, and the revers- 
ing drum at the right hand. There are in use a number of other 
controllers built upon these same general principles but differing in 
mechanical arrangement. 

Controller Notches. All controllers are provided with some 
device which prevents the motorman from stopping the controller 
handle between the various points or notches, as the stopping be- 
tween points might result in drawing an arc or an imperfect con- 
tact. The most common arrangement to prevent this is a notched 
wheel on the controller shaft, against which bears a small wheel of 
just the right size to enter the notches. The small wheel is held 
against the notched wheel by a strong spring. As the tendency 
of the small wheel is to seek the bottom of the notches, it is diffi- 
cult to stop the controller handle anywhere between notches, and 
the motorman is thus given a guide which tells him without any 
effort on his part just where the notches are. 

A switch is usually provided in a controller, for cutting out 
of service one motor or a pair of motors if defective, and allowing 
the car to proceed with the good motor or motors. 

Multiple-Unit Control. A system called u multiple-unit con- 
trol " or " train control" has como into use where it is desired to 
operate motors under a number of different cars in a train; all t* 
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motors being controlled from the head of the train or from any 
other point on the train where the motorman may be stationed. 

There are several types of multiple-unit control. In all of 
them there is on each car a controller of some kind which controls 
the current flowing to the motors on that car. This controller is 
operated from a distance by means of electro-magnetic or electro- 
pneumatic devices controlled by circuits called pilot circuits* which 
circuits are connected to the motorman 's controller. All the pilot 
circuits of a train are connected together by means of train plugB 
whicli make the connections between the cars. The pilot circuits 
of each car are connected to a motorman's controller on that car 
and this makes it possible to operate the train from any controller 

Sprague Multiple-Unit System. In the earliest form of mul- 
tiple-unit control — which was that devised by F. J. Sprague — the 
motors on each car were controlled by an ordinary Type K con- 
troller, which had geared to its shaft a small pilot motor. The 
pilot motor was controlled by the pilot circuits connected with the 
motorman's controller. 

In the more recent forms of multiple-unit control, the use of 
main controllers having contact cylinders has been practically 
abandoned. The contacts are made instead by a number of elec- 
tro-magnetic or electro-pneumatic contact devices sometimes called 
contactors. 

General Electric Train Control. In the General Electric 
train-control system each contact for the motor circuits is made 
by a solenoid magnet which draws together two heavy copper con- 
tact lingers to establish the circuit. A magnetic blow-out coil in 
series with the contact is also provided. The contactors make 
contact only wlien energized by a small amount of current from 
the master or motorman's controller. In Fig. 13J is a diagram 
of the car wiring for a motor car equipped with this system. 
The motormaif s controller is a drum controller, but is compara- 
tively small since it has to handle only the small amount of 
current necessary to operate the solenoid magnets of the con- 
tactors. It is evident that by connecting together the pilot circuits, 
which are connected to the motorman's controller, so that the 
pilot circuits will be continuous for the entire length of the train, 
any number of cars equipped with the train-control system can be 
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operated; and similar contacts will be made by the contactors 
under all the cars simultaneously, by virtue of the circuits estab- 
lished by the master controller at any platform. 

Besides controlling the contactors, the master or motor- 
man's controller must control an electro-magnetic reversing 
switch, or reverser, to change the direction of car travel. 

The handle of the motorman's controller is provided with a 
push button, which must be depressed while the current is turned 
on. Should the motorman release this push, the circuit through 
the controller will be opened and all the contactors will fall 
open. This handle is called the dead man's handle because it is 
put there to provide for cutting off the current should the motor- 
man fall dead or in a faint at his post. 

CAR HEATERS. 

Electric Heaters for warming cars in winter, consist of iron 
wire coils which are warmed by the passage of electric current 
through them. The heat so evolved varies as the resistance mul- 
tiplied by the square of the current. The iron wire coils of the 
heater are mounted on non-combustible insulating supports, and 
are arranged so that there is a free circulation of air through 
them. The coils are surrounded with a perforated metal case, the 
object of which is to prevent injury to the coils and to prevent 
persons or clothing coming in contact with the hot, live wires of 
the coils. Heaters are frequently arranged so that they can be 
connected in series or parallel to give different degrees of heat. 

Hot- Water Heaters are frequently used on large electric cars. 
Hot-water pipes are placed along the sides of the car, and con- 
nected with a stove containing hot-water coils at one end of the 
car. The water, as it is heated in the stove or heater, expands, 
and consequently becomes lighter per cubic inch or other unit of 
volume; it therefore tends to rise when balanced against the colder 
water in the car pipes. Hot water leaves the top of the heater, 
flows down through the car piping, and back to the bottom of the 
heater. The car piping slopes continuously down from the top 
connection to the bottom connection of the heater. At the top, 
an opening to the atmosphere is provided through a small water 
tank, called an expansion tank. This prevents water nri-HHiire 
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bursting the pipes as they become heated, and allows any steam 
that may have formed to escape. The most modern hot-water 
heaters for cars are completely closed except as to the ash-pit at 
the bottom and a small feed-door in the top. The latter is locked 
so that the tire cannot come out even if the car is tipped over in a 
wreck. 

CAR WIRINO. 

The wires from motors to controllers, when placed in exposed 
position under the car, are bunched in cables or covered with hose. 
In some cases special runways are provided in the bottom of the 
car to accommodate the car wiring. All the wiring in a car 
should be heavily insulated with moisture-proof rubber-covered 
wire, and further protected from mechanical abrasion by a tough 
outer covering. 

RESISTANCES. 

The type of resistance now most common for heavy motor 
equipment is in the form of cast-iron grids, which are assembled 
together and connected in series. These grids are sufficiently stiff- 
to render unnecessary any solid insulation between them, and 
hence they can radiate heat to the best advantage The only dif- 
ficulty experienced with them is from the warping or cracking. 
Resistances for lighter equipment are composed of sheet-steel rib- 
bons wound in coils. Each turn of a coil is insulated from the 
next by asbestos. Other forms of sheet-steel resistance with 
asbestos insulation between the turns, have also been used. 

ELECTRIC CAR ACCESSORIES. 

Canopy Switch. An overhead switch, sometimes called a 
"canopy switch," is commonly placed over each street- car plat- 
form where a controller is located, usually in the deck or canopy 
above the motorman's head. This is simply a single-point switch 
that may be used by the motorman to cut the trolley current off 
from the controller wiring so that the controllers will be absolute- 
ly dead. When two such switches are nsed, one on each end of 
the car, they are connected in series. 

Car Circuit Breaker. Frequently on large equipments an 
automatic circuit-breaker is provided instead of this overhead 
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switch. This circuit breaker can be tripped by hand to open the 
circuit whenever desired ; and is also equipped with a solenoid 
magnet, which can be adjusted so that it will trip or open the 
circuit-breaker at approximately whatever current it is set for. 
This circuit-breaker protects the motor and car wiring from exces- 
sive current, such as would occur in case of a short circuit in 
motors or car wiring, or in case the motorman turned on current 
so rapidly as to endanger the windings of the motors. When 
circuit- breakers are used at each end of a car in place of the 
canopy switch, they should be connected in multiple; one to each 
controller, but the trolley terminals of the two controllers should 
not be connected together. The entire current will then flow 
through the circuit-breaker at the motonnan's end of the car. 
Otherwise, the two circuit-breakers would divide the current 
between them. Circuit-breakers, however, are most commonly 
used on cars having controllers located at only one end in a 
motonnan's cab. 

Fuses. A fuse is placed in series with the motor circuit be- 
fore it enters the controller wiring, but where circuit- breakers are 
used instead of canopy switches, the fuse-box may sometimes be 
dispensed with. The fuse-box on street cars is usually located 
underneath one side of the car body where it is accessible for re- 
placing fuses, but where a niotormaif s cab is used, the fuse may 
be placed in the cab. The fuse may be of any of the types in 
common use, either open or enclosed. In the Westinghouse fuse 
box it is necessary only to open the box and drop in a piece of 
straight copper wire of the right length and size. The closing of 
the box clamps this wire to the terminals and establishes a circuit 
through the copper wire as a fuse. Of course this copper wire is 
of small enough size to be fused by a dangerously heavy current. 

Lightning Arresters. A lightning arrester is used on all cars 
taking current from overhead lines. The lightning arrester is con- 
nected to the main circuit as it comes from the trolley base, before 
it reaches any of the other electrical devices on the car, so that it 
may afford them protection. One terminal of the lightning ar- 
rester is connected to the motor frame so as to ground it, and the 
other is connected with the trollev. In most forms of lightning 
arrester, a small air-gap is provided, not such as to permit the 
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500-volt current to jump across, but across which the lightning 
will jump on account of its high potential. To prevent an arc 
being established across the air-gap by the power-house current 
after the lightning discharge has taken place and started the arc, 
some means of extinguishing the arc is provided. In the General 
Electric Company's lightning arrester, the arc is extinguished by a 
magnetic blow-out, which is energized by the current that flows 
through the lightning arrester. The instant the discharge takes 




Fig. 14. Trolley Base. 

place the current flows across the air gap. The magnetic blow-out 
extinguishes the arc, and this opens the circuit, leaving the arrester 
ready for another discharge. In the Garton-Daniels lightning ar- 
rester a plunger contact operated by a solenoid opens the circuit 
as soon as current begins to flow through the arrester. This 
plunger operates in a magnetic field, which extinguishes the arc. 
A choke coil, consisting of a few turns of wire around a wooden 
drum, is placed in the circuit leading to the motors at a point just 
after it has passed the lightning arrrester tap. This choke coil is 
for the purpose of placing self-induction in the circuit, so that the 
lightning will tend to branch off through the lightning arrester 
and to ground, rather than to seek a path through the motor insu- 
lation to ground. 

Lamp Circuits. The lamp circuit of a car is protected by its 
separate fuse-box, and usually each lamp circuit has a switch. As 
explained before, five 100-volt or 110-volt lamps are placed in se- 
ries between the trolley wire side of the circuit and ground. If 
one lamp in the series burns out, of course, all five are extin- 
guished until the defective lamp is replaced with a new one. En- 
closed arc lamps are sometimes used for car lighting. 
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Trolley Base. The trolley base upon which the trolley pole 
swivels, and which furnishes the tension that holds the trolley 
wheel against the wire, is designed to maintain, by means of 
springs, an approximately even tension against tbe trolley wire, 
whether the trolley wire is high above the track or near the car 
roof. This is done by changing the relative leverage which the 
springs of the trolley base have 
on the trolley pole according to 
the height of the trolley pole. 

Fig. 14 shows one form of 
trolley base. The trolley base is 
bolted to a platform constructed 
forit on the roof of the car; and 
the supply wire to the motors 
and other electrical devices on 
the car, except incases where a 

wooden trolley pole is used for 

. i ' . Fig. 15. Trolley Wheel. 

certain special reasons, is con- 
nected directly to the trolley base. An insulated trolley wire is 
run down the wooden trolley pole, and connected through a flex- 
ible lead to the car wiring. 

Trolley Poles. The trolley poles in general use are of tubu- 
lar steel, which gives the greatest strength for a given weight, and 





Pig. 16. Trolley Harp. 

which can usually be straightened if the pole has been bent by strik- 
ing overhead work when the trolley wheel leaves the wire. 

Trolley Wheels. Trolley wheels are from four to six inches 
in diameter over all, the small wheels being used in the city ser- 
vice, and the large wheels in high-speed inter-urban service. A 
typical trolley wheel is shown in Fig. 15. Various companies 
use various forms of groove in the trolley wheels, some adopting a 
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groove approximately V-shaped. The U-shaped groove, how- 
ever, is the most common, The trolley wheel is made of a brass 
composition selected for its toughness and wearing qualities. 

Trolley Harp. The trolley harp, which is placed on the end 
of the trolley pole and in which the trolley wheel revolves, usually 
has some means for making electrical contact with the wheel in 
addition to the journal bearing. In the harp illustrated in Fig. 
10, which is a typical form, this additional contact is secured by a 
spring bearing against the side of the hub of the wheel. 

Since trolley wheels revolve at a very high speed, some un- 
usual means of lubrication must be provided, since there is no op- 
portunity for ordinary oil or 
grease lubrication. Graphite, 
in the shape of what is called 
a •• graphite bushing," is most 
commonly used. This is a 
brass bushing, which is 
pressed into the hub of the 
trolley wheel. In this bush- 
ing is a spiral groove filled 
with graphite which is sup- 
posed to furnish sufficient 
lubrication as the bushing 
wears. Roller-bearing trolley wheels have been used to a limited 
extent, with considerable success in some cases. Some companies 
have done away with the graphite bushing, and have provided a 
very long journal for the trolley wheel instead of the usual short 
bushing. 

Contact Shoes. The contact shoe most commonly used on 
roads employing, the third rail is shown in Fig. 17. This is 
simply a shoe of cast iron hung loosely by links. The weight of 
the shoe is sufficient to give contact. The motion of the links 
permits the shoe to accommodate itself to unusual obstructions and 
variations in the height of the third rail. The shoe is fastened to 
the truck frame by means of a wooden plank which furnishes the 
necessary insulation. 

The Potter third-rail shoe which has been used to a limited 
extent, employs a spring for giving the necessary tension to make 




Fig. 17. Third Rail Shoe. 
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electrical contact between the shoe and the third rail. In some 
ways this is superior, because a spring tension is quicker in its 
action than gravity, and the shoe accommodates itself letter to 
variations in the height of the third rail at very high speed. Th»» 
wear on the shoe, however, is likely to be greater. 

TRUCKS. 

Electric railway cars are classified generally as double-truck 
and single-truck cars. Double-truck cars are those that haw a 
track that swivels at each end of the car. A single truck car is 
one having four wheels. 

Single Trucks. A great many tyjies of single trucks have 
been designed. It would be out of the question to discuss them 
all here. In general, however, it may be said that truck builders 
have aimed to make a truck frame in itself a complete unit inde- 
pendently of the car body, so that the car body will simply rest 
Upon the trucks and there will be no strain on the car body in 
maintaining the alignment of the truck. Most single trucks, 
therefore, consist of a rectangular steel frame, either cast or forged, 
riveted or bolted together. This frame holds the journal boxes in 
rigid alignment. Usually a spring is placed between each journal 
box and the truck frame. This spring may be [either spiral or 
elliptic. 

The principal springs, however, are between the truck frame 
and the car body. Most tnick builders have used a combi- 
nation of spiral and elliptic springs between the car body and 
qualities and greater freedom from teetering or galloping than 
either spiral or elliptic springs alone. Fig. IS shows a Brill 
single truck, which illustrates all of the features enumerated. 

Swivel Trucks. Swivel trucks, commonly called double 
trucks, are made in many forms, but the most common is that 
popularly known as the M. C. B. type of truck. This truck 
is similar to the standard truck which is in universal use on 
steam railroad passenger cars in the United States. Different 
on steam railroad passenger cars in the United States. Different 
truck builders have introduced many variations in this general 
type of truck, in adapting it to electric service. Some modifica- 
tions from the steam railroad standard truck were nece* 
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easier riding, especially upon entering and leaving curves. All 
trucks having this feature are known as swing bolster trucks. 
The weight, being transmitted to the transom and truck frame 
through the swinging links just referred to, is then taken by the 
equalizer springs that support the rectangular truck frame on 
equalizing bars, which equalizing bars rest on the journal box at 
either end and are bent down to accommodate the springs located 
between them and the truck frame. The truck frame holds the 
journal boxes in alignment by means of guides which permit an 
up-and-down movement without movement in any other direction, 
just as on all other types of truck. It is thus seen that there are 
two sets of springs between the car body and car journals; one set 
of spiral springs between the equalizing bar and truck frame; and 

King bo/t^ 




tf 



V 




Spr/ny p/ank 
Fig. 20. Bolster, Links and Spring Plank. 

one set of elliptic springs between the spring plank and the bolster. 
All shocks must be transmitted first through the spiral springs 
and then through the elliptic springs. The motors used on this 
type of truck usually have nose suspension, the nose of the motor 
resting either on the bolster of the truck or on the truck frame. 

There are a number of swivel trucks made which have de- 
parted considerably from M. C. B. lines but nearly all retain the 
features of a bolster mounted by springs on a spring plank, a 
spring plank hung from a transom, a transom rigidly fastened to 
the rectangular truck frame of which it forms a part; and a truck 
frame with one or more sets of spiral springs between it and the 
journal boxes. 

Maximum Traction Trucks. A type of swivel truck that 
once was very popular but has largely been superseded by the type 
just described is the " maximum traction truck." This truck has 
two large wheels on an axle which carries 60 to 70 per cent of 
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the weight on the truck, and two small wheels carrying the balance 
of the weight. The motors are on the large wheels. 

Car Wheels. The ear wheels most commonly used are of 
cast iron. In order to make a tread and flange ii[>on which tin* 
wear comes hard enough to give a good mileage, the tread and 
flange are chilled in the process of casting. Around the j>e- 
riphery of the monld in which wheels are cast, is a ring of iron 
instead of the usual sand. When the molten cast iron comes in 
contact with this ring of iron, which is called a "chill," the 
iron is cooled so suddenly that it becomes extremely hard. Th< 
balance of the wheel, cooling more slowly since it is surrounded 
by sand, has the hardness of ordinary cast iron. 

Wheels with steel tires are coming into use for elevated and 
inter- urban cars because their flanges are not so brittle as those 
on cast-iron wheels. In wheels of cast metal there is alwavs a 
liability that the flanges and tread will chip and crack. On high- 
speed cars the falling-out of pieces of flange may l>e a serious 
matter and result in a wreck. Steel-tired wheels have a hub and 
spokes either of cast or forged steel or iron. On to this wheel a 
steel tire is shrunk. The tire is first heated in a furnace built 
for the purpose, and is then slipped over the wheel. It is made 
]Q8t such a size that it will slip over the wheel when hot, and 
*hen it is cool it will shrink enough to make a very tight fit. 

Tin 

"hen the tire is to be removed after it is worn out, it is heated 
until it has expanded sufficiently to drop off. 

When cast-iron wheels are worn to an improper shaj** or 
have flat spots upon them, due to the sliding of the wheels with 
&e brakes set, an emery wheel grinder must be used to grind tin in 
down, as nothing else is hard enough to have any effect on the 
iron. 

When steel-tired wheels are worn, they can t>e put in a lathe 
*nd the surface of the tire turned off, as this surface is of metal 
toft enough to be workable with ordinary tools. 

The types of wheel tread and wheel flange in use vary greatly 
tftiong different electric railways. There is a standard Master 
C&r Builders' wheel tread used on steam railroads, which is shown 
^ Fig. 21. Electric railways, however, are usually obliged to use 
a smaller flange and narrower tread. Street railway special work, 
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such as switches and crossings, usually has too shallow a flange 
way to permit a standard M. C. B. flange to pass through. Some 
street railways use flanges as shallow as § inch, although £ inch is 
most common on city work. The width of the tread on street 

D/amtfer of cA/ff_mof</§ for 33" 
whee/s to^be 33j~ for 30" whoefs 
to 6a 30§" measured on fineA-B 




Fig. 21. Standard M. C. B. Flange. 

railway cars, that ia, the width of the wheel where it bears on the 
rail, is usually from 1|- inches to '1\ inches. There is a tendency, 
however, on electric railways, on account of the increasing num- 
ber of inter-urban cars which must use city tracks, to build tracks 
that will accommodate wheels approaching the M.C.B. standard 
of steam roads. A few roads have adopted wheel treads and 
cry near to the M. C. B. standard. 




Fig. 22. Drako Shorn and Levers. 

Brake Rigging. The brake rigging on a single-truck car 
may be arranged in a variety of ways, but should always came 
a nearly equal pressure to be brought to bear on the brake shoes 
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on all four wheels. A typical arrangement 
of brake shoes and levers for single-track 
cars is shown in Fig. 22. The rods li 
terminate in chains winding around the 
brake staff npon which the motonnan's 
handle or hand wheel is mounted. 

For double-truck cars the brake rig- 
ging is necessarily more complicated, as it 
must be arranged to give an equal pressure 
on all eight wheels of the car. Brake shoes 
are sometimes placed between the wheels 
of a truck and sometimes outside. The 
arrangement of brake shoes between wheels 
is apparently finding most favor, as when 
the shoes are applied in this position there 
is less tendency to tilt the truck frame 
when the brakes are applied, and this adds 
to the comfort of passengers in riding. 
Fig. 23 shows one form of arrangement of 
brake levers common on a double. truck 
car equipped with air brakes, with inside- 
hung brake shoes. 

Air Brakes. Air brakes used on elec. 
trie railway cars are usually of what is 
called the straight air brake type in dis- 
tinction to the Westlnghouse automatic 
air brake. A straight air brake is one in 
which the air is stored in a reservoir; and, 
when the brakes are to be applied, air 
from this reservoir is turned directly into 
the brake cylinder, in which works a piston 
operating the brake levers. Air admitted 
behind the piston forces it out with a 
pressure which applies the brakes. When 
the air is let out of the brake cylinder, a 
spiral spring forces the piston back to its 
original position and the brakes are released. 
The motorman's valve by which he applies 
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the brakes, therefore, provides, first, for turning air from the storage 
reservoir to the brake cylinder to apply the brakes, and, second, 
for closing the opening to the storage reservoir and opening an 
exhaust passage from the brake cylinder so that the air can es- 
cape from the brake cylinder to release the brakes. 

Straight air brakes of this kind would not be suited to the 
operation of long trains, because, if the air-brake hose connection 
l>etween cars should be broken, the brakes would be useless; but 
for trains of one or two cars, such as are common in electric rail- 
way practice, the simplicity of the straight air brake, outweighs 
its disadvantages and this is the ty]>eof brake usually employed. 

The Westinghouse and other forms of automatic air brake are 
used on electric railways where cars are operated in long trains; 
but it is out of the province of this paper to describe these brake 
systems fully, as they are rather complicated. It may be said in 
general, however, that the Westinghouse automatic air brake is so 
arranged that, should the hose connection between cars be broken, 
should the train pull in two, or should anything happen to reduce 
the pressure which is maintained in the train pipe that runs the 
length of the train, the brakes would immediately be applied on 
the entire train. 

Compressors. A small air compressor driven by an electric 
motor is frequently employed on electric cars to keep the storage 
reservoir of the car supplied with air. These air compressors are 
carried under the car or in the motorman's cab. They are gener- 
ally arranged with an automatic device which closes the motor 
circuit and starts the motor as soon as the air pressure falls below 
a certain amount ; and the motor will continue in operation 
pumping air until the pressure rises to the amount for which the 
automatic device is set. The pressure carried in the storage reser- 
voir is usually from 00 to 00 pounds per square inch, which, as a 
general thing, is considerably more than is required to apply the 
brakes hard enough to slide the wheels. 

Storage Air Brakes. The storage air-brake system does not 
have a small indejxmdent compressor on each car, but is equipped 
with a large storage tank, in which air is carried under high pres- 
sure — 250 to 300 pounds per square inch. This storage tank is 
tilled at regular intervals when the car passes some point on its 
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route at which a compressor is located. In this case the car is 
obliged to stop long enough to make connection to the tank of the 
compressor pjant, and to allow the car storage tank to be filled. 
This o juration, however, does not take long. The advantages of 
the system are a saving of the weight and a saving in the main- 
tenance of a small compressor on each car. From the main storage 
tank under the car, air is led through a reducing valve to an 
auxiliary storage tank. This reducing valve allows enough air to 
pass through to maintain a pressure of about 50 pounds per 
square inch in the auxiliary storage tank. The auxiliary storage 
tank corresponds to the regular storage tank on a system employ- 
ing compressors on each car. The method of operation after the 
air has entered the auxiliary storage tank is the same with any 
air-brake system. 

Momentum Brakes. Momentum or friction brakes have been 
used to some extent both on single-truck and on double-truck 
cars, but particularly on single- truck cars. They derive the power 
to operate the brakes from the momentum of the car by means of 
a friction clntch on the car axle. The difference in various kinds 
of momentum brakes lies chiefly in the design of the clutch mech- 
anism. The clutch must evidently be arranged to act very 
smoothly, and must bo under very accurate control, as the force 
with which the brakes are applied depends directly upon the pull 
exerted by the clutch. 

In the Price momentum brake a flat disc is cast on the car 
wheel, which is turned off to a smooth surface. Against this disc 
a friction clutch acts, which has a leather face. The clutch is 
ojierated by a motorman's lever through a set of levers. A small 
movement in the motorman's lever forces the clutch against the 
disc on the car axle. The clutch winds up the brake chain, and 
thus supplies power to apply the brakes. 

Other momentum or friction clutch brakes have been de- 
vised, most of which also use an application of leather on iron for 
the clutch, as this has been found to \m most reliable, and to be 
least affected by the grease and dirt that is liable to work in be- 
tween the clutch surfaces. 

Q. E. Electric Brake. The General Electric Company's elec- 
tric brake makes use of current generated by the motors acting as 
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dynamos, to stop the car. In order to accomplish this, a brake 
controller is provided which reverses the armature connections of 
the motors, and so connects them to operate as dynamos sending 
current through a resistance in the circuit; the amount of current 
flowing and the braking effect depending on the car speed and the 
resistance. In some forms of brake controller, the two controllers 
are combined in one cylinder, so that the motorman, to apply the 
electric brake, simply continues the movement of the handle past 
the " off " position. In others, the brake-controller drum is sep- 
arate, but is interlocked with the main controller so that it can be 
used only when the main controller is off. 

However the controller may be arranged, the principle in- 
volved is that when the motors are revolving by the motion of the 
car, and the armature connections are reversed as they would be to 
reverse the direction of motion of the car, the motors begin to 
generate current as eeries-wound dynamos. The amount of cur- 
rent generated and the retarding effect, will depend on two things 
— namely, the speed of the car, with the consequent electromotive 
force in the motors, and the amount of resistance in the circuit. 
The amount of resistance is regulated by the motorman by means 
of his electric brake controller. The function of the electric 
brake controller is to reverse the motors and to insert enough re- 
sistance in the circuit to make a comfortable stop. This current 
in the motors acting as dynamos, in itself acts as a powerful brake 
to retard the motion of the car. In the General Electric type of 
electric brake, the current generated in the motors, in addition to 
having this retarding effect in the motors themselves, is conducted 
to brake discs that act as magnetic clutches against one of the car 
wheels on each axle. The car wheel has a disc cast upon it, and 
against this the magnetic disc acts. The magnetic disc contains a 
coil which is in series in the brake circuit. 

In applying an electric brake of this kind, the motorman first 
puts the controller on a point that inserts considerable resistance 
in the circuit. When the motors have slowed down, the electromo- 
tive force, of course, drops, so that to maintain the same braking 
current there must be a reduction of the amount of resistance, un- 
til, when the car is almost at a standstill, the resistance is nearly 
all cut out. It might seem at first that the current would die 
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down before the car carae fully to a stop, but it ie found that there 
is enough induction in the motor fields to cause current to How for 
a short time after the car has stopped. The residual magnetism 
in the fields is sufficient to cause the motors to begin to generate 
current when the electric -brake controller is first turned on. 
ts first turned on. 

The greatest advantage of an electric brake using motors as 
generators, is in the fact that the braking current instantly falls in 
value as soon as the wheels begin to slide, and releases the brake 
until the wheels again revolve. In fact, it is almost impossible to 
skid the wheels by being locked by brake shoes. This not only 
prevents flat wheels but insures a quick stop, localise when the 
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Fi K . 24. Magnetic Uruke Shoe. 
wheels are locked and sliding, the retarding power is only about 
one-third what it was before the wheels began to slide. 

The electric brake requires extra large motors because of the 
heating caused by the current generated while braking. 

Westinghouse Electro- magnetic Brake. The Westinghouse 
magnetic brake is in principle similar to the General Electric 
brake as far as the use of motors as generators is concerned; but. 
instead of assisting the motors by means of a magnetic brake disc 
acting against the car wheel, a magnetic brake shoe is used ('see 
Fig. 24), which acts against both car wheel and track. This not 
only retards through the medium of the wheels but acts directly 
on the track. It is not dependent upon the coefficient of friction 
between the wheels and track; and it should, therefore, 1 
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to stop much more quickly than with any form of brake defend- 
ing upon the coefficient of friction between the wheels and track. 

Track Brakes. Track brakes have been used to some extent 
on very hilly electric roads. These have a shoe fastened to the 
truck frame, which acts directly on the track. 

Coefficient of Friction. It has been found by experiment that 
the coefficient of friction between the car wheel and rail is about 
25 per cent of the weight on the wheel when the rails are dry; 
that is, a car wheel having a weight of 2,000 pounds upon it would 
not be able to exert either an accelerating or a retarding force ex- 
ceeding 25 per cent of this, or 500 pounds. This is when the 
wheel is rolling. There is apparently a kind of locking or inter- 
meshing of the rough surfaces of wheel and rail when the wheel is 
rolling, because it is found that when a wheel begins to skid or 
slide, the coefficient of friction falls off about two-thirds. The 

maximum braking or retarding force that can be obtained, there- 
to O ' 

fore, in a dry rail, amounts to 25 per cent of the weight of the car. 
If the rail is slippery this is much reduced; or if the wheels are 
allowed to slide it is also much reduced. If more retarding force 
than can be obtained through the medium of a wheel rolling on 
the rail is desired, it must be obtained either by the track brakes 
or by magnetism. 

Car Bodies. In cities there are three general types in com- 
mon use; namely, box cars, suited for winter use only; open cars, 
suited for summer use only; and semi -convertible cars, which can 
be adapted to either summer or winter use. The open and box 
cars are the older tyj>es. The semi-convertible car is usually pro- 
vided with a center aisle, and cross seats on each side of this aisle 
The windows are large, so that they can be lowered or raised in 
summer to make something approaching the character of an open 
car. The car bottom, which forms the basis for the entire car 
structure, is constructed with longitudinal sills either of steel or 
of wood combined with steel. One form of construction employs 
as the main supports two steel channel bars extending the full 
length of the car. Steel I-beams are sometimes used. Where 
wood is used in combination with steel for longitudinal sills, the 
steel is usually in the form of flat steel plates between the timbers. 
Most cars seat about one passenger per foot of length over all. 
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OVERHEAD CONSTRUCTION. 

Trolley Wire. The trot ley wire is suspended from tl^e span 

^ires or brackets in such a way as to permit of an uninterrupted 

passage of an upward pressing trolley wheel underneath it. Tlie 

trolley wire itself mar W either round, grooved, or tknire s in section. 

*» here a round wire is used. No. 0o. B.1VS. gage, is the uiost common 

s *~ze. Figure ** wire, so called from its section, which is shown in 

Fig. 2-">, is designed to present a smooth under-surface to the 

trolley wheel, which will not be interrupted by the 

clamps or ears used to support it. Clamps are fastened 

to the upjier part of the nVnre ^. The grooved wire is \ 

*"X>lled with grooves into which the supporting clamps r 

f a.sten. Tliis wire also presents a smooth under-surface 

to the trolley wheel. v- *-. 

Trolley-Wire Clamps and Ears. The trolley is 
^tipportetl either by clamps or by soldered ears. One type of clamp 
grasps the wire by virtue of screw pressure. A soldered ear is 
^liown at E, Fig. 20. This ear has small projections at each end. 
Which are bent around the wire to assist the solder in holding the 
Wire to the ear. Another form of ear, used to some extent, holds 
the wire by virtue of having the edges of the groove offset or riveted 
Ground the wire. 




Fig. 26. Trolley Wire Clamp and Ear. 

The ear or clamp screws to a bolt which is insulated from the 
metal ear through which passes the span wire. A cross-section 
through a common type of trolley-wire hanger is shown in Fig. 27. 
Here there is an outer shell of metal, which is adapted to hook to 
the span wire. In this shell is an insulating bolt, that is, a bolt 
surrounded with some form of insulating material which is very 
strong mechanically and not likely to be cracked by the hammer, 
ing action of the passing trolley wheel. Most of the insulating 
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compounds used in making trolley -wire insulators are trade secrets. 
Another kind of insulator called the "cap and cone" type is shown at 
C, Fig, 26. In these insulators, the metal part B which fastens 
to the span wire does not completely surround the insolation C. 
Wood has sometimes been used for the insolation of trolley-wire 
hangers. 

Span Wires. In city streets, the trolley wire is commonly 
suspended from span wires stretched between poles located on 
both sides of the street. These Bpan wires are of J-inch or 3 inch 




Fig. 27. Cross Section Trolley Wire Hanger, 
galvanized stranded steel cable. In order to add to the insulation 
between the trolley wire and the poles at the side of the Btreet, 
what is called a strain insulator is placed in the span wire. This 
is an insulator adapted to withstand the great tension pot upon it 
by the span wire. One of these is shown in Fig. 28. Means are 
usually provided for tightening the span wires as they stretch and 
as the poles give under the strain. The insulator in Fig. 28 has 
a screw eye for that purpose. 

Brackets. In the bracket type of overhead construction, a 
trolley wire is fastened to brackets placed on poles near the track 
This construction is used on suburban and inter urban lines where 
the presence of poles near the track is not objectionable. It has 
been found that a rigid connection of the trolley wire to a bracket 
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is likely to result in the breaking of the trolley-wire insulators. 
For this reason the brackets now commonly used provide for a 
flexible suspension of the trolley-wire hanger from the bracket. 
A bracket employing sach flexible construction, made by the Ohio 
Braes Company, is illustrated in Fig. 29. 




Fig. 28. Strain Insulator. 
Feeders. Where additional conductivity is needed beyond 
that furnished by the trolley wire itself, feeders are run on insu- 
lators along the poles at the side of the track. Such feeders are 
connected to the trolley 
wire at regular intervals. 
Where span-wire construe 
tton is used, the feed wire 
may be substituted for the 
span wire at the pole where 
the connection between 
feed wire and trolley wire 
is made. In such a case, 
of course, a trolley-wire 
hanger is used which has 
no insulator, bo that the cur. 
rent feeds directly through 
the hanger. Another meth- 
od is to run the feed con- 
nection parallel with a span 
wire and a short distance 
from it. 

Section Insulators. Sec- 
tion insulators are usually 
placed in the trolley wire 
at regular intervals. Such 
a section insulator is shown 




Fig. 29. Overhead Construction. 



Fig. 30. Its purpose is to insulate 
one section of trolley wire from the next, so that in case the trolley 
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wire of one section breaks, or is grounded in any other manner, 
that section can be disconnected and the other sections on either 
side kept in operation. In large city street-railway systems, each 
section of trolley wire usually has its own feeder or feeders, inde- 
pendent of the other sections. This feeder is supplied through 
an automatic circuit-breaker at the power house. In case a cer- 
tain section of trolley wire is grounded he large current that 
immediately flows will open the circuit-breaker supplying that 
section; but, unless the ground contact is of an extremely low re- 
sistance, it will not affect the operation of the other feeders. 
Should it be of sufficiently low resistance to cause all the gener- 
ator circuit-breakers to open, it would of course interrupt the entire 
service temporarily; but usually the circuit-breaker on any indi- 
vidual feeder will cut that feeder out before all the circuit-breakers 
will open. 




Fig. 30. Section Insulator. 

High-Tension Lines. Where high-tension alternating-cur- 
rent wires are run, as in the case where the road is of such length 
as to require the establishment of several sub-stations, these high- 
tension circuits are usually carried some distance above the 500- 
volt direct-current trolley and feeders. An example of interurban 
overhead construction is shown in Fig. 29. Here the high-tension 
wires are carried on large porcelain insulators of a size necessary 
for 26,000 volts. These insulators are placed 30 inches apart. 
High-tension wires are kept so far apart because of the danger 
that arcs will in some way be started between the lines, as the 
high-tension current will maintain an extremely long arc. The 
blowing of green twigs across the lines, or birds of sufficient size 
flying into the lines, is likely to establish arcs which will tempo- 
rarily short -circuit the line. The greater the distance apart of the 
wires, the less danger that such things will occur. 



138 






?t 



■ »|;; - — » ^^— j- — 



-Ai 



Tl 



. • - ■» "■■*- J-. - - 



LIi irt-"":^ i 






!•*■» 



' •m" 



>■ ■ . *. 



- »■■ 



"'Ki r *» T i-^ j — - ;. r . - ■_ 



V2>». - 



a ' 



- — -iifir.. 






•*. r»» ■ »" 



■aci"> n 



_». • ■ '■ 



::•» .':■ 



•V 



'A 



if h -ZAk'.tx- Hifl £""-? ^r~ 
till** VTlfL 2KT l^r I'Liiliifi T.^vJ*:-- . v _<^ ;,* ,..v<v ,.v 

>j« ii r.izhgt -rr:: : T rw^:cifcK*L:r..-.:$ *: ^.v";. : -vox V'.v ,v\i 



\ 



X 



*v:giit of tLr ear ii-I ::«■ cLarsoiirof ;:io>v:\\v. 1 v :;^ w,;; \x 
takes up later ULrdt-r iLr Lesd of "Ojvrai :**»%** 



i**** 



42 



ELECTKIC RAILWAYS 



THIRD RAIL. 

Location. The third-rail system of conducting current to 
electric cars, as most commonly employed in the United States, 
follows the example set by the Metropolitan West Side Elevated 
Railway of Chicago. All the elevated roads in the United States 
are now operated by means of third rails located at one side of the 
track. The third rail is an ordinary T rail and is located with the 
center of its head 20 inches outside of the gage line of the nearest 
track rail, and 6j S 6 inches above the top of the track rail. On a 
few inter-urban reads this distance has been increased in order to 
accommodate certain steam railroad rolling stock which must at 
times be operated over the line. 

Insulators. The third rail is supported every fif.n tie on an 
insulator. These insulators on first construction w T ere made of 
wooden blocks boiltd in paraffine, but at the present time more 
substantial foims of insulation are being used. 

One form of third-rail insulator, known as the "Gonzen- 
baeh," has a base of cast iron resting on the tie. Over this is 
placed a cap of insulating material similar to that used in strain 

and trolley- wire insulators. Over 
this insulating material is another 
cast-iron cap upon which the third 
rail rests. The weight of the third 
rail holds it in position, and there 
is no clamping together of the vari- 
ous ]>arts of the insulator. 

Another form of third-rail insu- 
lator is made of what is called 
*• reconstructed granite," and an- 
other of vitrified clay. Fig. 31 
shows one of the latter. 
Switches. "Where the third rail is used, a contact shoe is 
placed on each side of both trucks of the motor car. At switches 
it is necessary to omit the third rail for a short distance on one 
side of the track, and place a short section of third rail on the 
other side of the track so that the current supply to the car will 
be uninterrupted. 

At Highway Crossings. Where the third-rail system is em- 




Fig. .'U. Third-rail Insulator. 
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ployed on interurban surface lines, it is necessary to omit a section 
of it at every highway crossing. If the crossing is too wide to be 
bridged across by a car, the car must have sufficient momentum to 
drift over such crossings when it comes to them. To connect 
across the break in the third rail at such points, an underground 
cable is generally used. This cable must be thoroughly protected 
against leakage of moisture into the insulation where it comes to 
the surface for connection to the third rail. 

Another form of third rail, laid several years ago on some of 
the lines of the New York, New Haven & Hartford Railroad, 
was of an inverted V shape, and was laid midway between the 
track rails with its top 1 inch above them and its bottom only lg 
inches above the ties. It was supported on wooden blocks. This 
location of the third rail has never been popular, because of the 
poor insulation with the rail located so close to the ties between 
the rails. 

Conductivity. The conductivity of a steel rail varies consid- 
erably. A rail of the ordinary composition used on steam rail- 
roads is too high in carbon to give the best conductivity. Such a 
rail has about one-tenth the conductivity of the same cross-section 
of copper. Steel can easily be obtained, however, which will have 
one-seventh the conductivity of copper, and the additional cost of 
obtaining such special steel is quite low, so that the majority of 
roads installing the third-rail system have seen fit to pay the extra 
cost and thereby secure a softer rail than that usually employed in 
track rails. 

Cost. The cost of the third -rail system is less than an over- 
head trolley system, provided enough copper is placed in the 
trolley feeders to make the conductivity of the trolley system 
equal to that of the third-rail system. It is very seldom, how- 
ever, that a trolley system is so constructed on an inter-urban road; 
and hence the trolley system, as usually constructed, is cheaper 
than the third-rail system, because it is not of equal conductivity 
to a third-rail system. 

Advantages in Operation. Where very heavy cars or trains 
are to be operated, the third-rail system is decidedly an advan- 
tage, for two reasons. In the first place, it affords the cheaper 
method of conducting a given heavy volume of current; and in 
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the second place, tbe contact shoes that conduct the current from 
the third rail to the moving car or train are built to carry a much 
larger volume of current than the trolley wheel, which has only a 
small area of contact on the trolley wire. Ordinarily there are 
two of these contact shoes in multiple for every motor car. 

Another advantage of the third rail over the trolley is that the 
trolley may leave the wire at high speeds or in passing switches. 
On well -Const rue ted roads, where the trolley wire is kept in good 
alignment and tbe track is smooth, there is little trouble from this 
source; but it is undoubtedly a convenience to be able to operate 
cars or trains without giving any attention to a trolley pole. 

CONDUIT SYSTEHS. 

The underground conduit system, in which tbe conductors 
conveying tbe current to the cars are located in a conduit under 
the tracks, is in use in two cities of the United States — New York 




Fig. 32. Cross-section of Conduit. 
City and "Washington, T). C. The cost of this system, and the 
danger of interruption of the service where the drainage is not 
excellent, have prevented its more extensive adoption. 

Tbe New York type of condnit is a good example of this con- 
struction. The conductors consist of T-bars (CO) of steel supported 
from porcelain cup insulators located 15 feet apart in the conduit. 
A cross-section of the conduit is shown in Fig. 32. At each 
insulator a hand-hole is provided (Fig. 83), so that access may be 
had to the insulator from the street surface. Manholes are pro. 
vided at intervals of about 150 feet, so that the dirt which collects 
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in the conduit can be scraped into these manholes and removed at 
intervale. The manholes also serve as points of drainage to the 
eewer system. 

Contact Plow. Current is conducted to the car through a 
pair of contact shoes commonly called a plow \ Fig. 34 1. This plow 
bas the two shoes insulated turn each other, and from the frame 
of the plow. They are provided with Hut springs that hold the 
shoes against the conducting bars in the coutlnit. The shank of 
the plow- is thin enough (-,*, incln to enter the slot of the con- 
duit. The conductors j»ss up through the middle. These plows 
can, of couree, be rtmovtd only ul.in the car is over an open pit. 

Cost. A conduit system of this kind is very exjiensive to 
build because of the fact that a very deep excavation must be made 
in the street to accommodate (he conduit. Tl.e track rails, slot 
rails, and sheet-steel conduit lin- 
ing are held in alignment by 
cast-iron yokes placed 5 feet 
apart. The entire space around 
and underneath these yokes is 
filled with concrete in order t- 
give rigidity and a permanent 
track. Three expensive items 
therefore, enter into the con- 
struct ion of a conduit road — 
namely, the deep excavation, 
which may call for the changing 
of other underground pipes or 
conduits in the street; the large 
amount of iron and steel needed 
for the yokes and slot rails; and 
the large amount of concrete 
needed. 
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Fig. 33. Hand hole. 



On American conduit roads the slot and conduit are placed 
under the middle of the track. Some of these roads are simply 
reconstructed cable-conduit roads in which the old cable conduit 
baa l>een used for electrical conductors. In the conduit nod 
Bads-Feet, Hungary, the slot in placed alongside one of the t 
rails. 
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Current Leakage. The leakage on an underground conduit 
road is considerable, because the insulators are necessarily located 
in a damp, dirty place, which causes leakage over the surface of 
the insulators. This leakage, however, is not prohibitive so long 
as the conductor rails are not under water. If on account of poor 

drainage the con- 
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ductor rail 8 become 
submerged, the leak- 
age becomes so great 
that it is impossible 
to operate the road. 
It will be noticed 
that the conduit sys- 
tem as illustrated 
here employs two 
conductor rails, one 
for the positive side 
of the circuit and the 
other for the nega- 
tive. The track rails, 
therefore, are not 
used as conductors, 
and one side of the 
circuit is not ground- 
ed as in the ordinary 
trolley system, al- 
though the leakage 
to ground may be considerable from one or both conductor rails. 

TRACK CONSTRUCTION. 

Girder Rail. A great variety of track rails are used in elec- 
tric railways. The most common at one time was the girder, a 
typical section of which, with joint, is illustrated in Fig. 35. This 
is an outgrowth of the old tram rail used on horse railways. It 
has a tram alongside of the head, on which vehiclesmay.be driven. 
Its chief advantage from the standpoint of the railway company 
is that there is plenty of room for dirt and snow to be pushed 
away by the flanges of the cars. If the company maintains the 




Fig. 34. Contact Plow. 
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paving, it may be to its advantage to have teams nee the steel 
track rather than the paving, although this advantage in mainten- 
ance is probably more than compensated for by the delay of cars 
through the regular use of the track by teams. 
Trilby Oroove Rail. A modification of 
the girder rail, known as the Trilby, and 
sometimes as the grooved girder, is shown in 
Fig. 36. A rail similar to this is nsed in 
several large cities of the United States. It 
has a groove of such a shape that the flanges 
of the car wheels will force snow and dirt out 
of it instead of packing it into the bottom of 
the groove, as in the case of the regular Eu- 
ropean narrow-grooved rail. A narrow- 
grooved rail in which the grooves correspond Flg ' **■ Girder Rail - 
closely to the shape of the car-wheel flanges is sure to make 
trouble in localities where there is snow and ice, aa the grooves be- 
come packed and derail the cars. 

Shanghai T-rail. In some sys- 
I terns a T-rail is used. Where the 

!*—*£?!- -4- ■-■^ = ^~a.—- 'A T-rail is to be used with paving, the 
popular form is the Shanghai T, 
shown in Fig. 37. This rail is high 
enough to permit the use of high pav- 
ing blocks around it. 





Fig. 36. Grooved Kail. 




Fig. 37. Shanghai T-rail and Joint. 
T-rail. The T-rail nsed by steam railroads is known 
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asi the A. S. V. E. standard Trail, because it follows the standard 
dimensions recommended for T- rails by the American Society of 
Civil Engineers. A standard 05-pound T-rail of this kind is 
shown in Fig. 38. Other weights of this rail have the same rela- 
tive proportions. Such a rail is used -for inter-urhan roads, and for 
suburban lines in streets where there is no bloL'k paving. The 
high rails are used to facilitate paving with high paving blocks. 

Track Support. The greater portion of track is laid on 
wooden ties. These ties, in the most substantial wooden tie con- 
struction, are inches by 8 inches in section, and 8 feet long. 
They are spaced two feet between centers. Sometimes smaller 
ties, spaced farther apart, are used in cheaper forms of construc- 
tion; but the foregoing figures arj those of the best construction 
known in American railway practice. In paved streets, ties are 
usually employed, although sometimes what 
is known as "concrete stringer" construction 
is used instead of ties to support the rails. 
A strip of concrete about 12 inches deep is 
laid under each rail, and the rails are held to 
gauge by ties or tie rods placed at fre- 
quent intervals. Sometimes the concrete is 
made a continuous bed under the entire 
track. In most large cities the concrete 
foundation is used under all paving; and 
consequently, when concrete is used instead 
of ties to support the rails, this concrete is simply a continuation 
of the paving foundation. Where ties are used, they are laid 
sometimes in gravel, crushed stone, or sand, although frequently, 
in the largest cities, they are einliedded in concrete. Sometimes 
this concrete is extended under the ties, and sometimes it is simply 
put around the ties. 

Ballast. A ballast of gravel, broken stone, cinders, or other 
material which is self-draining and which will pack to form a solid 
bed under the ties, should be usjJ to get the best results under al) 
forms of tie construction, whether in pived streets or on a private 
right of way, as on an inter-urban road. Of coarse, if concrete is 
placed nnder the ties, the gravel or ro^k ballast is not necessary. 
If ties are placed directly in soft earth, which forms mud when 




Fig. .18. Standard A. S. 

V. K. Rail and Ono 

Joint Plato. 
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wet, they will work up and down under the weight of passing 
trains, and an insecure foundation for the track will be the result. 
Joints. The matter of securing a proper joint for fastening 
together the ends of rails so as to make a smooth riding track 
without appreciable jar or jolt when the wheels pass a joint, has 
been given much study by electric railway engineers. A section 
through an ordinary bolted angle-bar joint is shown in Fig. 35. 
This joint is formed by bolting a couple of bars, one on each side 
of the rails. The edges of these bars are made accurately to such 
an angle that they will wedge in between the head and base of the 
fail as the bolts are tightened; hence the name angle bars* This 
is the form of joint generally used on steam railroads and on elec- 
tric roads in exposed track, or in track where the joints are easily 
accessible, as in dirt streets. In paved streets, the undesirability 
of tearing up the pavement frequently to tighten the bolts on such 
joints, has led to the invention of several other types, which will 
be described later. Nevertheless very good results have been ob- 
tained in recent years with bolted joints laid in paved streets 
where care has been given to details in laying the track, and where 
the joints have been tightened several times before the paving is 
finally laid around them. 

Welded Joints. Several forms of welded joints are in use. 
All these welded joints fasten the ends of the rails together so 
that the rail is practically continuous — just as if there were no 
joints — so far as the running surface of the rail is concerned. It 
was thought at one time that a continuous rail would be an impos- 
sibility because of the contraction and expansion of the rail under 
heat and cold, which, it was thought, would tend to pull the rails 
apart in cold weather and to cause them to bend and buckle out of 
line in hot weather. Experience has conclusively shown, however, 
that contraction and expansion are not to be feared when the track 
is laid in a street where it is covered with paving material or dirt. 
The paving tends to hold the track in line, and to protect it from 
extremes of heat and cold. The reason that contraction and ex- 
pansion do not work havoc on track with welded joints, is probably 
that the rails have enough elasticity to provide for the contraction 
and expansion without breaking. 

It is found that the best results are secured by w 
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joints daring cool weather, so that the effect of contraction in the 
coldest weather will be minimum. In this case, of course, there 
will be considerable expansion of the track in the hottest weather, 
but this does not cause serious bending of the rails; whereas occa- 
sionally, if the track is welded in very hot weather, the contraction 
in winter will cause the joint to break. 

Cast- Welded Joints. The process of cast- welding joints con* 
sists in pouring very hot cast-iron into a mould placed around the 
ends of the rails. These moulds are of iron; and to prevent their 
sticking to the joint when it is cast, they are painted inside with 
a mixture of linseed oil and graphite. Iron is usually poured so 
hot that, before it cools, the base of the rail in the center of the 
molten joint becomes partially melted, thus causing a true union 
of the steel rail and cast-iron joint. This makes the joint solid 
mechanically and a good electrical conductor. To supply melted 
cast iron during the process of cast-welding joints on the street, a 
small portable cupola on wheels is employed. 

Electrically Welded Joints. An electrically welded joint is 
made by welding steel blocks to the rail ends. A steel block is 
placed on each side of the rail at the joint, and current of very 
large volume is passed through from one block to the other. This 
current is so large that the electrical resistance between the rail 
and steel block causes that point to become molten. Current is 
then shut off, and the joint allowed to cool. There is in this case 
a true weld between the steel blocks and the rails and joint. 

An electric welding outfit being expensive to maintain and 
operate, this process is used only where a large amount of welding 
can be done at once. Current is taken from the trolley wire. A 
rotary converter set takes 500-volt direct current from the trolley 
wire, and converts it into alternating current. This alternating 
current is taken to a static transformer which reduces the voltage 
and gives a current of great quantity at low voltage, the latter cur- 
rent being passed through the blocks and rails in the welding pro- 
cess. A massive pair of clamps is used to hold the blocks against 
the rails, and to conduct the current to and from the joint while 
it is being welded. These clamps are water-cooled by having 
water circulated through them so that they will not become over- 
heated at the point of contact with the steel blocks. 
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Thermit Welding. A process of welding rail joints which 
was developed after the cast-welding and electric-welding pro- 
cesses, is known as the Golddchmidt process, which makes use of 
a material called "thermit" for supplying heat to make the weld. 
A mould is placed around the joint and the thermit is put in this 
mould and ignited. The heat produced by the thermit is so in- 
tense as to reduce the iron in the thermit mixture and make a 
welded joint. The thermit consists of a mixture of finely pow- 
dered aluminum and iron oxide. When this is ignited, the alum- 
inum oxidizes, that is, absorbs oxygen so rapidly that an intense 
heat is the result. In the process of oxidation, the aluminum 
takes the oxygen from the oxide of iron, leaving molten metallic 
iron, which metallic iron makes the weld by union with the molten 
rail ends. This process has the advantage over other welding pro- 
cesses, of not requiring an elaborate apparatus and a large crew of 
men to operate it; and consequently it can be used where but a 
few joints are to be welded. 

Bonding and Return Circuits. When the track rails are 
used as the conductors, as is usually the case, it is necessary to see 
that the electrical conductivity of the rail joints does not offer too 
high a resistance to the passage of the current. For this reason, 
when bolted or angle-bar joints are used, the rails are bonded 
together by means of copper bonds. It was soon found after elec- 
tric roads were in use a short time, that unless the rail ends were 
bo bonded the resistance of the joints was so great as to cause 
great loss of power in the track. First, small iron bonds were 
used; but these bonds were so insufficient that large copper- wire 
bonds soon began to be used; and at the present time, on large 
roads, bonds of heavy copper cable are common. The resistance 
of a steel rail, such &s used in city streets, is about eleven times 
that of copper. In order to secure as great carrying capacity at 
the rail joint ac is afforded by the unbroken rail, it is therefore 
necessary to install bonds having a total cross -section - l T that of 
the rail. Where welded joints are used, bonding is unnecessary, 
except at crossings and switches where bolted joints are employed. 
Where track is welded, however, cross-bonds should be put in at 
frequent intervals from one rail to another, and, if tb 
double, from one track to the other, so that if one ' " 
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breaks at a joint there will be a path around the break for the 
current. 

A great many schemes have been devised to insure good con- 
tact between the copper bond and the rail, as the terminal is the 
weak point in any bond. One of the earliert and most efficient of 
small bonds was made by the use of channel pins, Fig. 39. This 

bond consisted of a piece of copper 

wire having its ends placed in the 

holes in the rail ends. Alongside 

this wire, a channel pin was driven 

in. The objection to the channel 

pin was the small area of contact 

between copper bond and rail. 

Next after the channel pin came the Chicago type of bond, 

Fig. 40, which is a piece of heavy copper wire with thimbles 

forged on the ends. These thimbles were placed in accurately 

fitted holes in the rail ends, and a wedge-shaped steel pin was 




Copper W/rm 

'Channef Pin 
Fig. 30. Channel Pin Bond. 
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Fig. 40. Chicago Rail Bond. 

driven into the thimbles to expand them tightly into the hole in 
the rail. Several other bonds using modifications of this principle 
are in use. 

A type of bond in very common use consists of solid copper 

rivet- shaped terminals, Fig. 
41. Between these terminals 
is a piece of flexible stranded 
copper cable, made flat to go 
under the angle bars. In one 
type the terminal lugs are cast 
around the ends of the cables, and in another type the cables are 
forged at their ends into solid rivet-like terminals. These terminal 
rivets were first applied as any other rivets, with the use of a riveting 
hammer. Because of the difficulty of thoroughly expanding such 




Fig. 41. Rail Bond. 
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large rivets into the holes made for them in the rails, it has become 
customary to compress these rivets either with a screw press or a 
portable hydraulic press, which brings such great pressure to bear 
on the opposite ends of the rivet that it is forced to expand itself 
so as to lill the hole in the rail completely. This expansion is 
made possible by the ductile character of the copper. This great 
ductility characteristic of copper, however, has been the source of 
one of the difficulties in connection with rail bonding, because the 
soft copper terminal has a tendency to work loose in the hole 
made for it in the rail. It is practically impossible to maintain 
good bonding where the rail joints are so loose as to allow consid- 
erable motion between the rail ends. 

Several types of bonds have been introduced, in which the 
contact between the rail and bond is made by an extra piece or 
thimble. 

Another method of expanding bond terminals into the holes 
made to receive them, is that employed in the general Electric 
Company's bond. In it a soft steel pin in the center of the termi- 
nal is expanded by compression of the terminal so that it forces 
the copper surrounding it outward. The copper terminal, in ex- 
panding to fill the hole, is therefore backed by the steel center pin. 

All types of bonds must be installed with great care if they 
are to be efficient. Unless the bond terminal thoroughly fills the 
hole and is tightly expanded into it, moisture will creep into the 
space between the copper and the iron, and the copper will become 
coated with a non-conducting scale which destroys the conductivity 
of the contact. 

The plastic rail bond, so called because it depends for the 
contact between the rail and the bond upon a plastic, putty-like 
alloy of mercury and some other metal, is applied in a number of 
different ways. One form consists of a strip of copper held by a 
spring against the rail ends under the fish-plate. The rail-ends at 
the point of contact with this strip of copper are amalgamated 
and made bright by the use of a mercury compound similar to the 
plastic alloy. These points of contact are then daubed with plas- 
tic alloy, and the copper bond-plate applied. It is not necessary, 
with any form of plastic bond, that the mechanical contact be un- 
yielding, as the amalgamated surfaces with the aid of the plastic 
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alloy between them, maintain a good conductivity in spite of any 
slight motion. The plastic alloy can be applied in a number of 
other ways, one of which is to drill a hole forming a small cnp in 
the rail-base in adjacent rail-ends, fill these cups with plastic alloy, 
and bridge the space between them with a short copper bond hav- 
ing its ends projecting down into the cnps. 

Supplementary Return Feeders. On some large roads it is 
necessary to run additional return feeders from the power house to 
various points on the system, to supplement the conductivity of 
the rails. Otherwise the track rails near the power houae would 
have to carry all the current, and in some cases there are not 
enough such lines of track passing the power house to do this 
properly. Sometimes these feeders are laid underground in 
troughs; sometimes they are laid bare in the ground, and some- 
times on overhead pole lines. When laid in the ground, frequently 
old rails are used instead of copper or aluminum cables. The old 
rails are, of course, thoroughly bonded together with bonds giving 
a conductivity nearly equal to that of the unbroken rail. 

ELECTROLYSIS. 

.Much has been said about the possibilities of electrolysis of 
underground metal by the action of the return current of electric 
railways, when such railways are operated with grounded circuits, 
as they usually are. If electric current is passed through a liquid 
from one metal electrode to another, electrolysis will take place; 
that is, metal will he deposited on the negative pole, and the posi- 
tive pole or electrode will be dissolved by becoming oxidized from 
the action of the oxygen collecting at that pole. 

In an electric-railway return circuit, there is necessarily a 
difference of potential between the rails at outlying parts of the 
system and the rails and other buried pieces of metal located near 
the power house. Just what this total difference of potential is, 
depends on the loss of voltage in the return circuit. Thus, sup- 
pose there is 25 volts drop in the return circuit between a 
certain point on the system and the power station. There is, 
therefore, a pressure of 25 volts tending to force the current 
through the moist earth from the rails at distant portions of the 
line, to the rails, water pipes, and other connected metallic strnc- 
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tures located in the earth near the power station. The amount of 
current that will thus flow to earth in preference to remaining in 
the rails, depends on the relative resistance of the rails, the earth, 
and the other paths offered to the current to return to the power 
Louse. 

To take a very simple case, let us suppose a single-track road. 
Fig. 42, with a power house at one end, and a parallel lino of 
water pipe on the same street passing the power house. If the 
positive terminals of the generators are connected to the trolley 
wire, the current passes, as indicated by the arrows, out over the 
trolley wire through the cars and to the rails. When it has 
reached the rails it has the choice of two paths back to the power 
house. One is through the rails and bonding; the other is through 

<■ + -. 7>O//0V ///f0 




Track 




zt=3E= i-JP [1-^-1 1= ^1—01-^-1 1 0=: 

Wafer pfpm 
Fig. 42. Showing Electrolytic Action. 

the moist earth to the line of water pij>e and back to the power 
house, leaving the pipe for the rails at the power house. Should 
the bonding of the rails be very defective, considerable current 
might pass through the earth to the water pipe. 

Remembering now the principles of electrolysis, we see that 
the oxidizing action of this flow of current from the rails to the 
water pipes at the distant portion of the road will tend to destroy . 
the rails, but will not harm the water pipe at that point, as it will 
tend to deposit metal upon it. When, however, tho current 
arrives at the power house, it must in some way leave this water 
pipe to get back to the rails, and so to the negative terminals of 
the generators. 

Here we see that there is a chance for electrolysis of the water 
pipe, because at this point the water pipe forms the positive elec- 
trode, which is the one likely to be oxidized and destroyed. This 
very simple case is taken merely for illustration. In actual prac- 
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tice the conditions are never so simple as this, for there are various 
pipes located in the ground running in various directions, which 
complicate the case very much; but we can see from this simple 
example that the principal place electrolysis of water pipe is to be 
feared is at points where a large volume of current is leaving the 
water pipe to take to some other conductor. 

As an indication of how much current is likely to be leaving 
the water pipes at various points, it is customary to measure the 
voltage between the water pipes and the electric railway track and 
rails. When this voltage is high, it does not necessarily mean that 
a large volume of current is leaving the water pipes at the point 
where these pipes are several volts positive with reference to the 
rails; but such voltage readings indicate that, if there is a path of 
sufficiently low resistance through the earth, and if the moisture in 
the earth is sufficiently impregnated with salts or acids, there will 
be trouble from an electrolytic action due to a large flow of current. 
There is obviously no method of measuring exactly the amount of 
current leaving a water pipe at any given point, since the pipe ia 
buried in the earth. Voltmeter readings between pipes and rails 
simply serve to give an indication as to where there is likely to be 
trouble from electrolysis. The danger to underground pipes and 
other metallic structures from electrolysis has been much over- 
estimated by some people, as the trouble can be overcome by 
proper care and attention to the return circuit. Trouble from 
electrolysis, however, is sure to occur unless such care is given. 

Prevention of Electrolysis. Remedies for electrolysis may 
be classified under two heads — general and specific. The general 
remedy is obviously to make the resistance of the circuit through 
the rails and supplementary return feeders so low that there will 
be but little tendency for the current to seek other conductors, 
such as water and gas pipes and the lead covering of underground 
cables. This remedy consists in heavy bonding, in ample con- 
nections, around switches and special work where the bonding is 
especially liable to injury, and in additional return conductors at 
points near the power house to supplement the conductivity of 
the rails. 

It is important that all rail bonds be tested at intervals of six 
months to one year in order that defective bonds may be located 
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and renewed, as a few defective bonds can greatly lower the 
efficiency of an otherwise low- resistance circuit. 

The specific remedy for electrolysis which may be applied to 
reduce electrolytic action at certain specific points, consists in con- 
necting the water pipe at the point where electrolysis is taking 
place, with the rail or other conductor to which the current is flow- 
ing. Thus, for example, if it is found that a large amount of cur- 
rent is leaving a water pipe and flowing to the rails or to the neg- 
ative return feeders at the power house, the electrolytic action at 
this point can obviously be stopped by connecting the water pipe 
with the rails by means of a low-resistance copper wire or cable, 
thereby short-circuiting the points between which electrolytic ac- 
tion is taking place. There are certain cases in which it is advis- 
able to adopt such a specific remedy. It should be rememl>erea, 
however, that a low- resistance connection of this kind, while it re- 
duces electrolysis at points near the power house, is an added in- 
ducement to the current to take to the water pipes at points dis- 
tant from the power house, because of the decrease in resistance 
of the water-pipe path back to the power house resulting from the 
introduction of the connection between the water pipe and the 
negative return feeder at the power house. With the water pipes 
connected to the return feeders in the vicinity of the power house, 
the current which flows from the rails to the water pipes at points 
distant from the power house will obviously cause electrolysis of 
the rails but not of the water pipes, since the current is passing 
from the earth to the pipe, and the pipe is negative to the earth. 
In this case the principal danger is that the high resistance of the 
joints between the lengths of water pipe will cause current to flow 
through the earth around each joint, as indicated on some of the 
joints, Fig. 42, and will cause electrolytic action at each joint. 
It is evident, however, that the conditions of the track circuit and 
bonding must be very bad if current would flow over a line of 
water pipe, with its high-resistance joints, in sufficient volume to 
cause electrolysis, in preference to the rail-return circuit, especially 
since ordinarily the resistance offered to the flow of current over 
the water pipes back to the power house must include the resis- 
tance of the earth between the tracks and water pipes. 

It is usually considered inadvisable to connect tracks and 
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water pipes at points distant from the power house, because of the 
danger of electrolysis. at water-pipe joints, as just explained. 

Methods of testing rail bonds in the track will be explained 
under the head of "Tests." 

POWER SUPPLY AND DISTRIBUTION. 

Direct-Current Feeding. As already explained, the majority 
of electric railways are operated on a 500-volt constant-potential 
direct-current system with a ground return. A constant potential 
of 450 to 500 volts is maintained between the trolley wire and 
track. Where the trolley wire is not sufficient, additional feeders 
are run from the power house and connected to the trolley wire, 
the number of feeders depending on the distance from the power 
house and the traffic. 

Booster Feeding. Boosters are sometimes used on long 
feeder lines where there is a heavy load on?y a small portion of the 
time. These boosters are direct- current dynamos that are con- 
nected in series with the feeder upon which the voltage is to be 
raised above the regular power-house voltage. The booster may 
be driven either by a small steam engine or by an electric motor. 
The simplest form of booster is a series-wound dynamo. A boos- 
ter armature must, of course, be of sufficient current capacity 
to pass all the current that will be required on its feeder. The 
voltage yielded by this dynamo, plus the power-station voltage, is 
the voltage of the boosted feeder as it leaves the power house. 
Supposing that a series- wound booster will give 125 volts at full 
load; it is obvious that -being series-wound it will give no voltage 
at no load. The voltage will increase approximately as the load on 
the feeder increases; and since the drop in voltage on the feeder 
for which the booster is to compensate also varies with the load, 
the action of the booster is simply to add sufficient voltage to its 
feeder at any instant to compensate for the line loss upon that 
feeder and to maintain approximately constant potential at the far 
end of the feeder. Boosters raising the power-station voltage of a 
feeder more than 250 volts above the normal power-station voltage, 
are not common, though cases are on record where a feeder has 
been boosted as high as 1,100 volts above the power-station volt- 
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age. Since all the power used in driving a booster is wasted in 
line loss, this method of feeding is not economical; but where used 
only a few days out of the year it is sometimes to be preferred to 
a heavy investment in feeders. The investment in feeders might 
involve more interest charges than the cost of power wasted in 
booster feeding would amount to. 

Alternating-Current Transmission. High-tension alternat- 
ing-current transmission to sub-stations, with direct-current dis- 
tribution from sub-stations, is extensively used on long inter-urban 
roads, and on large city street-railway systems where power is to 
be distributed over a wide area. In such cases the power house is 
equipped with alternating-current dynamos supplying high-tension 
three-phase alternating current to high-tension transmission lines 
or feeders. These high-tension feeders are taken to sub-stations 
located at various points on the road where the voltage is reduced 
by step -down transformers; and these transformers supply current 
to operate rotary converters, which convert from alternating to 
direct current for use on the trolley. 

The advantage of this system of high-tension distribution is 
that, owing to the high transmission voltage, there is but a small 
loss in the high-tension lines, which lines can be made very small, 
and will thus involve but little copper investment. The sub- 
stations can be located at frequent intervals, so that the distance 
the 500-volt direct-current must be conducted to supply the cars 
is not great. Current from one power-house can thus be dis- 
tributed over a very large system in cases where, if the 500-volt 
direct-current system of distribution were used, the cost of feeders 
for distributing such a low-voltage current -would bo prohibitive. 
Were the alternating-current high-tension scheme of distribution 
not used, it would be necessary to have a number of small power 
houses at various points on the system instead of one large power 
house. The cost of operation of several small power plants per 
kilowatt output, is likely to be much greater than that of one large 
power plant. The first cost of the alternating-current distributing 
system, including power house and sub-stations, is likely to be 
considerably higher than would be the cost of a number of small 
powerhouses; but in cases where alternating-current distribu 1 "" 
has been installed, it has been figured that the cost of open* 
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tions it has come to be the general practice to do as much of the 
handling as possible by means of automatic coal conveyors. The 
most elaborate power stations have means for dumping coal from 
cars into hoppers, from which it is conveyed by an endless chain 
provided with buckets, called a coal conveyor, to storage bins. 
Coal conveyors also take the coal from the storage bins, and de- 
posit it in the hoppers of mechanical stokers in front of the boil- 
ers. Ashes are conveyed from under the boilers by the same kind 
of conveyors, and are dumped into hoppers, whence they are drawn 
into cars or wagons to be hauled away. 

The coal, having been deposited in hoppers at the boiler front, 
is automatically fed into the furnaces by automatic stokers. One 
type of automatic 6toker in common use is of the chain -grate or 
link-belt type, which is constructed like an endless sprocket chain, 
'with links composed of heavy cast-iron blocks that serve as grate 
T)are. This link belt or chain is kept in constant, slow motion by 
a small stoker engine or motor which operates all the stokers of a 
line of boilers. The coal is fed from the hopper onto the chain 
grate, and the chain is slowly moved under the boilers. As the 
coal on that part of the grate under the boilers is on fire, the fresh 
coal as it enters the furnaces is soon ignited. The grate is run at 
such a rate, and the thickness of the coal is so adjusted, that the 
coal is burned to an ash by the time it has traveled to the back of 
the furnace. There the grate turns down over a sprocket wheel, 
and the ashes are dumped into the ash pit as the grate revolves. 

The boilers in most common use in large American electric- 
railway power houses are of the w r ater-tube type, in which water is 
contained inside of a bank of tubes, the ends of these tubes being 
connected todrums or headers. The horizontal-return-tubular type 
of boiler is used in many of the smaller power stations, and verti- 
cal boilers are also in use. 

The engines in the larger and more economical stations are 
generally of the Corliss compound-condensing type, running at 
speeds of from 60 to 120 revolutions per minute, according to the 
size of the unit. The smaller the unit, the higher the speed. In 
the smaller and older stations, simple Corliss engines belted to 
generators are frequently found, and high-speed engines also are 
used. It is the almost universal custom now, to place the genera- 
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tor directly on the engine shaft, making a direct-connected unit. 

Steam turbines, in which the steam acts in jets against the 
blades of a turbine wheel, are beginning to come into use at the 
present time. These turbines rotate at very high speed, the 
largest and slowest speed-units running 600 r.p.m., and others at 
higher rates. As the output of any generator varies directly ac- 
cording to its speed, a very much smaller generator can be used 
when coupled to a high-speed steam turbine, to obtain a given out- 
put, than if the generator must be coupled to a Corliss steam en- 
gino which revolves at very low speed. The economy of the steam 
turbine at full load is about that of a compound-condensing Cor- 
liss engine, but is better on light loads than the engine. The tur- 
bine requires less building space and a much less expensive founda- 
tion. 

Railway generators or dynamos for direct current are usually 
built with compound. wound fields, so that, as the load increases, 
they will automatically raise the voltage at their terminals to 
compensate for the drop in the feeders and to maintain a constant 
potential at the cars. Thus, if the line loss on a system is 10 per 
cent, or 50 volts at full load, the generators will be provided with 
shunt fields of sufficient strength to give 500 volts at no load, and 
with series field-coils which will add to the field strength enough 
to give 550 volts at full load. The amount of "compounding" 
— which is the term applied to this method of increasing voltage 
— may be any amount within reasonable limits. The pressure 
maintained at different companies' electric- railway power houses 
varies, but is usually between 500 and 000 volts. 

Alternating-Current Generators. Alternating-current gen- 
erators used for generating alternating current to l>e distributed at 
high tension, are generally constructed to give a three- phase cur- 
rent at 25 cycles per second. The voltage of these alternating- 
current generators is sometimes the voltage at which the power is 
to be transmitted, if the distances are not too great. A number 
of stations have alternating-current generators giving 6,000 volts 
at their terminals, which is a voltage well adapted to high-tension 
distribution within the limits of a large city. However, genera- 
tors giving 11,000 volts at their terminals are now becoming com- 
mon. For higher voltages than this, it is considered necessary to 
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HB6 step-up transformers, in order to raise the voltage to the proper 
pressure for transmission over long distances. In snch cases there 
is no object in having a high generator voltage. At Buch stations 
the voltage of the generators adopted may be anything desired, 
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Fig. 43. Plan o\ Power House. 

and it varies according to the ideas of the constructing engineer. 
Voltages of 400, 1,000, and 2,300 are among those in most com. 
mon use. 

Double-Current Generators. Double-current generators are 
sometimes used, which generators will give direct current at a 
commutator at one end of the armature for use on a COO- volt 
direct-current distribution system supplying the trolley direct. 
The other end of the armature has collector rings from which Urn 
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three-phase alternating current is obtained, which can be taken to 
step-up transformers and raised to a sufficient pressure for high- 
tension transmission to substations at distant parts of the road. 
The same generator can therefore be used on both the direct- 
current and the high-tenBion alternating-current distribution. 

General Plan of Power Stations. The general plan of an 
electric -rail way power station is usually such that the building 
can be extended and more boilers, engines and generators added 
without disturbing the symmetrical design of the station. 
Thus, the boilers and engines 
are placed as in Fig. 43, in par- 
allel rows, although almost in- 
variably in different rooms sep- 
arated by a fire wall. By adding 
to the row of engines and to the 
row of boilers, the station capac- 
ity can be increased. Other ar- 
rangements are sometimes re- 
quired by circumstances; but 
this is the most common ar- 
rangement and gives the great- 
est capacity with the minimum 
amount of steam piping. Large 
stations arc sometimes con- 
s true ted with a boiler room of 
sevtral floors and with boilers 
on each floor, in order to save 
ground space and bring the l>oil- 
ers near to llie large engine units so that there will not be an ex- 
cessive amount of steam piping. 

Switchboards. Direct-current stations have switchboards, 
which may be considered under two general classes— generator 
boards and feeder boards. Each board consists of panels. 

Generator D. C. Panels. The generator panel usually con- 
tains an automatic circuit-breaker which will open the main cir- 
cuit to the generator in case of an overload due to a short circuit. 
These circuit-breakers consist of a coil in the main circuit, which 
acts upon a solenoid. When the current in the coil exceeds 
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a certain amount, the solenoid is drawn in, and a trigger is tripped 
which allows the circuit- breaker to fly open under the pressure of 
a spring. In one General Electric circuit -breaker, the main con- 
tact is made by heavy copper jaws, but the last breaking of the 
contact is made between points which are under the influence of a 
magnetic field. This magnetic field blows out the heavy arc that 
would otherwise be established. On the I-T-E, the Westinghouse 
and most other types of circuit-breaker, the breaking of the con- 
tact takes place between carbon points, which are not so readily 
destroyed by an arc as are copper contacts, and which are more 
cheaply renewed. The main 
contact through the circuit- 
breaker, in either type, is 
made between copper jaws of 
sufficient cross-section for 
carrying the current without 
heating. These jaws open be- 
fore the current is finally 
broken by the smaller con- 
tacts which take the final arc. 
In Fig. 44a is seen a Gen- 
eral Electric circuit-breaker 
with the magnetic blow-out 
coils at the top, the solenoid 
at the left, and the handle for 
resetting the circuit -breaker 
at the bottom. The small 

handle for tripping the circuit-breaker when it is desired to open 
the circuit by hand, is shown just under the solenoid. 

An I-T-E circuit breaker is shown in Fig. 44i. This is of 
the type previously mentioned, iu which the break occurs between 
carbon contacts and there is no magnetic blow-out. 

In addition to the circuit-breaker there is usually an ammeter, 
to indicate the current passing from the generator; and a rheostat 
handle, geared to a rheostat back of the board, for cutting in and 
out more or less resistance in the sbunt field-coils of the generator 
so as to reduce or raise the voltage. There is a email switch for 
opening and closing the circuit through Ihe shunt field-coile. 




Fig. 44b. I-T-E Circuit Breaker. 
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The main leads from the generator pass through two single- 
pole quick-break knife switches. The most recent practice is to 
have the switches on the switchboard in only the positive and 
negative leads from the generator, leaving connection to the equal 
izor to lie made by a switch located on or near the generator. 
However, all three leads may he taken to the switchboard, and a 
three-polo knife switch may be used instead of the positive and 
negative switches spoken of. 

In Fig. 45 is given a simple diagram of the general relative 
connection of generators and feeders in a direct- current railway 
power station. It is seen that the generators are connected in 
parallel across the positive and negative bus-bar. There is a third 
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i of Generators and Feeders. 



bus-bar — called an "equalizing bus" — which connects in parallel 
the series coils of all the generator fields. The object of this 
equalizer is to prevent the weakening of the series field of any one 
generator, so as to allow it to take current and to act as a motor 
instead of ns a generator. 

Starting up a Generator. Suppose that a new generator is 
to be started up and connected to the bus-bars iu addition to others 
already in operation. The engine of that generator is first brought 
up to sj>eed. The switch controlling the shunt field-circuit is then 
closed, causing current to flow through the shunt fields; and the 
generator liegins to "build up," its voltage gradually rising until 
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^approximates that upon the bus-bars. Before the generator is 
%own in parallel with the others by connecting it with the bus 
ItypB, it is important that its voltage be nearly the same as that of 
the bos* bars. Otherwise, when connected to the bus-bars, it might 
tike more than its share of the load; while, on the other hand, if 
its voltage were too low, it might act as a motor, taking current 
from the bus-bars. The voltage of the bus-bars in a railway sta- 
way station is constantly fluctuating, owing to the varying load 
and to the fact that generators are often compounded, as before 
mentioned, in order to compensate for the line loss. 

In order that the voltage of the generator to be thrown in 
shall vary in accordance with the bus-bar voltage, the next step in 
the operation is to close the positive switch, assuming that the 
equalizer switch on the generator has already been closed. This 
throws the series field of the new generator in parallel with the 
series fields of the other generators. The voltage of the new gen- 
erator will therefore vary just as the voltage on the bus-bars; and, 
by adjusting the resistance of the shunt field, this voltage can be 
adjusted so as to be the same as that on the bus-bars. The volt- 
ages on the bus-bars and on the new generator are measured 
usually by a large voltmeter on a bracket at the end of the genera- 
tor switchboard. By means of a voltmeter plug or of a push -but. 
ton on the generator panel, the voltmeter can be connected either 
to the bus- bars or to the new generator. "When the two voltages 
are the same, the negative switch of the new generator can be 
closed, and it will operate in parallel with the other generators, 
taking its share of the load. If the attendant sees that any genera- 
tor is not taking its share, he can raise its voltage by cutting out 
some of the resistance in series with its shunt field, and this makes 
that generator take more load. 

Feeder Panel. The feeder panel is simpler than the genera- 
tor panel, since it usually handles only the positive side of the cir- 
cnit. Frequently two feeders are run on a single panel side by 
side. The feeder panel has an automatic circuit -breaker, an am- 
meter for indicating the current on that feeder, and a single-pole 
Bwitch for connecting the feeder to the bus-bars. All generators 
feed into a common set of bus-bars; and the positive bus-bar con* 
tinues back of the feeder panels so that all feeders can draw cur* 



155 



08 



ELECTRIC RAILWAYS 



rent from the bus-ban. Fig. 46 shows n railway switchboard 
wjth V feeder panels at the right; I generator panels at the left; 
and, in the middle, it panel with an ammeter and reoordifl 
meter tor measuring total output. 
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switches are provided for connecting feeders and generators to 
either set of bus-bars. 

Alternating-Current Switchboards. In an alternating-cur- 
rent station, generator switchboards are radically different from 
those in a direct-current station. Practice in alternating-current 
generator switchboards has not yet been so fully standardized and 
is not so uniform as in direct-current railway switchboards. There 
is always, however, a three-pole main switch for opening and clos- 
ing the main three wires from the three-phase generator. Auto- 
matic circuit-breakers are usually provided, as well as indicating 
ammeters and wattmeters to show the output. 

Indicating wattmeters, recording the number of watt-hours 
passing through them, are frequently used both on alternating and 
direct-current generator jjanels. 

A station usually has what is called a "total load-' panel, 
which has a recording wattmeter measuring the total output of the 
station in kilowatt-hours. This panel also has an ammeter indi- 
cating the total station load. 

High-Tension Oil Switches. Alternating-current generators 
for high voltages usually have oil switches to interrupt the main 
circuit, that is, switches in which the contact is made and broken 
under oil. These switches have been found very efficient in pre- 
venting the formation of a destructive arc upon the opening of a 
high-voltage circuit, on circuits up to C0,000 volts. Some of the 
larger oil switches are operated by electric motors or solenoids. 
The machine-type oil switch of the General Electric Company has 
the motive power for operating the switches, stored up in a spring. 
The spring is wound up by a small electric motor. This motor 
operates every time the switch is opened or closed, and winds up 
the spring enough- to compensate for the amount it was unwound 
in operating the switch. Each circuit is broken under oil in a 
long tube, and these tubes are mounted in individual cells, each 
cell being separated from the next by a masonry wall so that there 
can be no flashing across from one leg of the circuit to another in 
case of any defect in the switch. All the high-tension wiring to 
and from such switches, is taken either in lead-covered cables, or 
on bus-bars separated from each other by masonry walls to prevent 
the spread of short circuits. These precautions are necessary 
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because of the great length of arc that may be established between 
adjacent high-tension conductors. 

Where alternating-current generators of low voltage are used 
in connection with step-up transformers, one practice is to have 
the switches for each generator directly in the generator leads, be- 
tween the generators and the step-up transformers, in the low- 
voltacje circuit. 

Another practice which has recently been introduced, is to con- 
sider each generator with its step-up transformers as a unit and to 
connect the generator permanently with its bank of transformers, 
and to control this unit by a single three-pole machine-operated 
oil switch. In this case there are no switchboard switches between 
generators and transformers, and this simplifies the switchboard 
considerably. There must be switches on the high-tension side of 
the transformers in any event. 

TROLLEY TROLLEY TROLLEY 
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Fig. 47. Connection of Sub-stations. 

The switchboard for rotary converters in the sub-stations is, 
of course, a combination of alternating and direct-current appara- 
tus. The direct-current ends of the rotary converters are treated 
almost exactly like direct-current railway generators; and their 
switchboard panels are similarly equipped, except that usually 
there is a rheostat that can be connected in series with the arma- 
ture whereby a rotary converter can be brought up to speed from 
a state of rest by connecting it with the direct -current bus-bars of 
the sub-station. 

The alternating-current end of the rotary converter is sup- 
plied through switches in the alternating-current leads from the 
step-down transformers. A rotary converter can be started from 
a state of rest by connecting it to the alternating-current leads 
through the medium of compensating coils which reduce the voltage- 
A very heavy current is required to do this, as the motor thus starts 
as a very inefficient induction motor with a very low power factor. 
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There are usually but two direct-current feeder panels in 
a sub-station of an inter-urban electric road. One of these feeders 
is to supply the trolley or third rail extending in one direction 
from the sub-station, and the other feeds that extending in the 
other direction from the sub-station. The trolley or third rail has 
a section insulator directly at the sub-station. When both feeders 
are connected to the bus-bars, it is evident that this section insula- 
tor is short-circuited through the medium of the sub-station bus- 
bars, every sub-station on the line being connected in this way, as 
indicated in Fig. 47. It is seen that, should a short circuit occur 
on any section, it would oj>en the circuit -breakers at the sub- 
stations at both ends, and that section would not interfere with the 
balance of the road. At the same time, when the road is in 
normal operation and there is an unusually heavy load between any 
two sub-stations, the other sub-stations along the line can help 
out those nearest to the load by feeding through the bus-bars 
of the nearest sub-station. 

The high-tension apparatus at a sub-station consists usually 
of a bank of high-tension lightning arresters; high-tension 
switches, for shutting off the high-tension current; and step-down 
transformers, for reducing from the high transmission voltage to 
the 370 volts commonly fed to the alternating-current end of rail- 
way rotary converters. 

Storage Batteries in Stations. Storage batteries are fre- 
quently used both in sub-stations and in direct-current power sta- 
tions. They may be connected directly across the line and allowed 
to "float," as it is termed; or they may be used in connection 
with storage-battery boosters, which will cause the storage batten- 
to take the fluctuations in the load and to give a constant load on 
the rotary converters or power station. The action of storage- 
battery boosters which cause the storage battery to be charged 
automatically at light loads and to discharge and assist the station 
at heavy loads, is explained in the paper on " Storage Batteries." 

ALTERNATING-CURRENT SYSTEMS. 

So far this paper has been devoted almost entirely to electric 
railway systems employing 500-volt direct-c ~ f ors on the 

cars, since this is the system almost univers - ->lec- 
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trie railways at the present time. There are, however, several sys- 
tems employing alternating-current motors on cars, which have 
already been used experimentally and to some extent commer- 
cially. Some of these give promise of coming into extensive use. 

Three-Phase Motors. On several roads in Europe three- 
phase induction motors are employed. These induction motors 
are operated by three-phase alternating current taken direct from 
the trolley wires. As three conductors are necessary, two trolley 
wires are used, with the rails as the third conductor. The two 
principal objections to the system are the necessity of two trolley 
wires, and the fact that the induction motor operates very much 
like a direct -current shunt motor in that it is a constant-speed mo- 
tor and not adapted to variable -speed work. The power factor is 
low in starting; that is, a great volume of current is taken, 
although, owing to the voltage and the current not being in phase, 
the actual energy consumed is small. 

Single-Phase Hotors. The Westinghouse Electric & Manu- 
facturing Company has brought out a railway motor adapted to 
operate on single-phase alternating-current circuits. This motor 
is very similar in construction to the ordinary series-wound 500- 
volt direct -current railway motor. It has, however, more field 
poles than the ordinary direct- current motor; and the pole pieces 
are laminated to avoid heating of the iron bv eddy currents caused 
by the influence of the alternating current. There are also other 
special features in the design that reduce the sparking at the com- 
mutator, which sparking was for several years the greatest obstacle 
to the use of alternating-current motors of this kind. In the 
"NVestinghouse system the current is taken from the trolley wire at 
high potential, and is reduced by an auto -transformer on the car. 
This auto-transformer is connected with an induction regulator so 
arranged that a low voltage can be supplied to the motor in start* 
ing or for slow running, and this voltage increased to increase the 
speed. There is thus no need to reduce the trolley voltage by 
wasting part of it in a rheostat, as is the case with direct-current 
motors; and the efficiency during acceleration is, therefore, higher 
with this alternating system than with the direct-current. Several 
other single-phase railway motors are also being worked out at 
the present time. 
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Alternating-Current Motor Advantages. There are two great 
advantages secured by the use of an alternating-current railway 
motor. The first is a reduction in investment and operating ex- 
penses by doing away with sub-stations containing rotary con- 
verters. Such sub-stations are necessary on long lines of mil way 
operating with direct-current motors. The second advantage is 
that, owing to the fact that a high tension current can be used on 
the trolley wire and reduced by a transformer on the car, the diffi- 
culties of collecting a large amount of energy from a trolley wire 
are much reduced. 

First, in regard to the sub-stations, it will be seen that with 
the alternating-current motor system, high-tension current can be 
conducted from the power house to sub- stations along the line 
which contain nothing but static transformers. Since these trans- 
formers have no revolving parts they do not require the constant 
attendance that a rotary converter does. Furthermore, the invest- 
rnent in rotary converters is entirely dispensed with, and this 
makes a considerable reduction in the total cost of the distribution 
plant. "With the alternating-current system, current is fed direct 
to the trolley wire from the secondary terminals of the transform- 
crs at the sub-stations. 

As regards the advantages of carrying a high voltage on the 
trolley wire, it will readily be seen that, since the amount of power 
or the watts required by a car, is equal to the product of the volt- 
age and current, an increase in the voltage reduces the volume of 
current necessary. By having high voltage on the trolley wire, 
even a large car. can be operated with a small volume of current, 
and this current can be taken through an ordinary trolley wheel 
without difficulty. Where 500 volts is the pressure used on the 
♦ trolley wire, there is considerable flashing and burning of trolley 
wheel and wire when large cars and locomotives are run, owing to 
the heavy current conducted; and this has been one of the princi- 
pal reasons for the adoption of the third rail instead of the trolley 
on certain roads. Even with the third rail, the volume of current 
that must be conducted to large electric locomotives involves some 
difficulties in the way of heated contact shoes and considerable loss 
of energy. The use of high voltage on the trolley wire, with 
transformers on the car to reduce the voltage to a safe pressure for 
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use on the motors, overcomes many of the difficulties that would 
otherwise be found in the use of electricity for heavy railroad 
work. 

OPERATION. 

Power Taken by Cars. The amount of power required in 
the practical operation of a car depends upon so many variable 
elements that many of the calculations sometimes given for deter- 
mining the power required by a car are of little value. The theo- 
retical horse- power required to maintain a car at a certain speed 
on a level, is evidently the tractive effort in pounds multiplied by 
the speed in feet per minute and divided by 33,000. What the 
tractive effort per ton of car will be, depends on the condition 
of the rail and on several other uncertain factors. For street- 
railway motor cars, 20 pounds per ton is the usual tractive effort 
assumed as necessary. A calculation of this kind, however, takes 
no account of the losses in the motors and gears, nor of the fact 
that the greater part of the power required to propel a street car 
in practical service is used in accelerating the car from a state of 
rest to full speed. Tn inter-urban service, of course, the power re- 
quired in acceleration is not so great a proportion of the whole. 

The safest figures to use in engineering calculations as to the 
amount of power required, are those taken from actual results ob- 
tained in every-day commercial service. The power required by 
an eight-ton car in service in a large city like Chicago, is in the 
neighborhood of one kilowatt-hour per car- mile run. On outlying 
lines this figure may be reduced to .7 kUowatt-hour, and in the 
down -town districts may run up to 1.5 kilowatt-hours per car 
mile. Double-truck cars in city service, weighing from 20 to 25 
tons, take from 2£ to 4 kilowatt-hours per car mile at the power 
station. Inter-urban cars around Detroit, weighing about 32 tons, 
in inter-urban service, making 25 miles per hour, including stops, 
in level country, and geared to 43 miles per hour, take about 3 
kilowatt-hours per car mile at the power station. However, inter- 
urban railway conditions are extremely variable. 

Economy in Power. As already stated, a large part of the 
energy taken by a car in city service is used in accelerating the 
car. Much of this energy must be destroyed or used up in the 
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brake shoes at the next stop. The energy stored up in a car by 

process of acceleration is represented by the formula: 

_ . # ._ Mass in lbs. X (Velocity in ft. per sec/) 2 
Energy in ft. lbs. = ^ — s » 

which is the formula for kinetic or live energy, the derivation of 
which is found in the Instruction Paper on Mechanics. In per- 
forming any given schedule with frequent stops, the more rapid 
the acceleration the lower the maximum speed required to make 
the schedule, and the less the energy required in acceleration. For 
city street and elevated service, therefore, rapid acceleration and 
low maximum sj>eeds are desirable because not only more econom- 
ical but safer. 

For economical operation with any given equipment and 
schedule, it is important to use as much of the energy stored up 
in the car as possible, before wasting it by applying the brakes. 
Motors are built of a size to yield the large horse-power required 
in acceleration, and consequently are lightly loaded when operating 
the car at maximum sj>eed. To economize in power, current 
should be shut off as soon as possible after the car has attained full 
speed; and the car should be allowed to drift without current 
as long as possible before the brakes are applied. In this way the 
energy stored in the car will propel it at nearly maximum speed 
for a considerable distance between stops; there will be the small- 
est possible waste of energy in the brake shoes; and the losses of 
energy which take place when the current is in the motors will be 
prevented as far as possible. Practical tests as well as theoretical 
calculations show a possibility of very material saving in energy 
in the operation of an electric railway car or train, by the observ- 
ance of this simple rule of drifting as much as possible and using 
the brakes as little as possible. "Whatever energy is used up in 
the brake shoes is necessarily wasted. The smaller this waste can 
be kept while performing a given service, the greater the economy 
secured. 

Sliding and Spinning Wheels. In accelerating a car, how- 
ever, there is no economy in turning on current so rapidly as 
to spin the wheels. As mentioned in the section on " Brakes,"' 
the tractive effort between wheels and rails falls off about two- 
thirde when the wheels begin to slip; and this slipping of wheels, 
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therefore, reduces the chance of securing the acceleration which is 
possible. For the same reason, in making emergency stops either 
by the use of brakes or by reversing the motors, care should 
be taken not to slide the wheels, as by so doing the time required 
to stop the car is much increased. 

In the ordinary straight air-brake equipment used on heavy 
electric cars, there is much higher pressure carried in the storage 
reservoir than it is permissible to turn into the brake cylinder, 
since, if the full pressure were turned into the brake cylinder, it 
would result in sliding of the wheels — which, it has just been 
shown, is something to be avoided, not only on account of making 
flat spots on the wheels, but also because of the reduction in the 
braking force as soon as the wheels begin to slide. An expe- 
rienced motorman can tell from the feeling of the car when the 
wheels are sliding, and will instantly release the brake sufficiently 
to allow the wheels to begin to revolve as soon as he notices that 
this has taken place. 

The friction between brake shoes and car wheels decreases as 
the speed increases. A certain pressure applied to the brake shoes 
upon a car running 50 miles per hour, therefore, exerts much less 
retarding force than the same pressure at ten miles per hour. In 
order to give the same braking or retarding force at higher speeds, 
the brakes must be applied harder than at the lower speeds. If 
they are applied at the maximum pressure possible without sliding 
the wheels at higher speeds, it is evident that this pressure must 
be reduced as the speed of the car is reduced, or the wheels will be 
" skidded." In the Westinghouse high-speed automatic air brake 
used on steam roads, this reduction of pressure is automatically 
accomplished. 

TESTING FOR FAULTS. 

Bond Testing. It is important to test the conductivity of 
rail bonds from time to time in order to determine if they have 
deteriorated so as to reduce their conductivity and introduce an 
unnecessary amount of resistance into the return circuits. One 
way of doing this is to measure the drop in potential over a 
bonded joint as compared with the drop in potential of an equal 
length of unbroken rail. To do this, an apparatus is employed 
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whereby simultaneous contact will be made bridging three or more 
feet of rail and an equal length of rail including the bonded joint, 
as shown in Fig. 48, which illustrates the connections of a com- 
mon form of apparatus where two milli-voltmeters are employed 
that measure the drop in voltage of the bonded and unbonded rail 
simultaneously. If the current flowing through the rail due to 
the operation of the cars were constant, of course one milli-volt- 
meter might be used, being connected first to one circuit and then 
to the other. The current in the rail, however, fluctuates rapidly, 
so that two instruments are necessary for rapid work. The resis- 
tance of the bonded joint is usually considerably more than that 
of the unbroken rail, and the milli -voltmeter used to bridge the 
joint consequently need not be so sensitive as that bridging the 
unbroken rail. 
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Pig. 48. Bond Testing. 

In another form of ap|>aratus, a telephone receiver is used in- 
stead of the milli- voltmeter, the resistance of a long unbroken rail 
being balanced against that of the bonded joint, as in a Wheat- 
stone bridge, until, upon closing the circuit, these two resistances 
when balanced give no sound in the telephone receiver. 

Bond tests of this kind can be made with satisfaction only 
when a considerable volume of current is flowing through the rails 
at the time of the test, because the drop in voltage is dej>endent 
on the current flowing, and in any event is small. It has some- 
times been found necessary or advisable to fit up a testing car 
equipped with a rheostat which will itself use a considerable vol- 
ume of current, so as to give a current in the rail which will give 
an appreciable drop of potential across a bonded joint. Some of 
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the latest forms of testing cars carry motor generators which will 
pass a large current of known value through a bonded joint, and 
so cause a drop of potential across the joint large enough to be 
easily measured. 

Motor-Coil Testing. Testing for faults in the motor-armature 
and field coils is done in a great variety of ways. The resistance 
of these coils can be measured by means of a Vheatstone bridge 
employing a telephone receiver in place of the galvanometer used 
in such bridges in laboratory practice ; but other less delicate tests 
are also in use. 
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Fig. 49. 

Another method is to pass a known current through the coil 
to be tested and to measure the drop in the voltage between the 
terminals of the coil, the voltage divided by the current equaling 
the resistance. 

A simple method, and one which involves no delicate instru- 
ments, has lately been introduced into railway shop practice very 
successfully. This is known as the transformer test for short- 
circuited coils. It requires an alternating current which can easily 
be supplied either by a regular motor generator or by putting col- 
lecting rings onto an ordinary direct -current motor and connecting 
these rings to bars of opposite polarity on the commutator. 
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The method of testing for short-circuited armature coils em- 
ployed in the shops of the St. Louis Transit Company is indicated 
in diagram in Fig. 49. A core built up of soft laminated iron is 
wound with 28 turns of No. copjicr wire. This coil is supplied 
with alternating current from a 110- volt circuit. The core has 
pole pieces made to fit the surface of the armature. When one 
side of a short-circuited coil in the armature is brought l>etween 
the pole pieces of this testing transformer, as in P'ig. 49, the 
short -circuited armature coil becomes like the short-circuited sec- 
ondary of a transformer, and a large current will How in it. This 
current will in time manifest itself by heating the coil; but it is 
not necessary to wait for this, as a piece of iron held over that 
side of the coil not enclosed between the pole pieces, as indicated 
in Fig. 49, will be attracted to the face of the armature if held 
directly over the coil, but will be attracted at no other jjoint. 

This testing can be done very rapidly, and does not require 
delicate instruments or skilled operators. 

Tests for short circuits in field coils can be made in a similar 
manner, by placing the coils on a core which is magnetized by 
alternating current. The presence of a short circuit, even of one 
convolution of a field coil, will be apparent from the increase in 
the alternating current required to magnetize the core upon which 
the field coil is being tested. 

The insulation resistance of armatures and fields is frequently 
tested by means of alternating current, about 2,000 volts being 
the common testing voltage for 500- volt motor coils. One terrni- 
nalof the testing circuit is connected to the frame of the motor, 
and the other to its windings. Any weakness in the insulation 
insufficient to withstand 2,000 volts will, of course, be broken 
down by this test. Alternating current is generally used for such 
tests because it is usually more easily obtained at the proper 
voltage, as it is a simple matter to put in an alternating trans- 
former which will give any desired voltage and which can be con- 
trolled by a primary circuit of low voltage. 

Open circuits in the armature can be easily detected by 
placing the armature in a frame so that it can be rotated, the 
frame being provided with brushes resting 90° apart on the com- 
mutator. If either an alternating or direct current be passed 
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through the am at lire l>y means of these brushes, and the armature 
be rotated by hand, a flash will occur when the open -circuited coils 
pass under the brushes. A large current should be used. 

The tests just mentioned are among the best of the methods 
used by electric- railw r ay companies for systematic work in the 
location of certain classes of faults. A large number of other 
methods of testing have also been evolved. 

The following are some of the most common faults experienced 
with electric railway car equipments : 

Grounds. As one side of the circuit is grounded, any acci- 
dental leakage of current from the car wiring or the motors to 
ground will cause a partial short circuit. Such a ground on a 
motor will manifest itself by blowing the fuse or opening the cir- 
cuit-breaker whenever current is turned into the motor. In case 
the fuse blows when the trolley is placed on the wire and the con- 
troller is off, it is a sign that there is a ground somewhere in the 
car wiring outside of the motors. Moisture and the abrasion of 
wires are the most common causes of grounds in car wiring. In 
motors, defects are usually due to overheating and the charring of 
the insulation. 

Burn-Outs. Burning-out of motors is due to two general 
causes : First, a ground on the motor, which, by causing a partial 
short circuit, causes an excessive current to flow; second, overload- 
ing the motor, which causes a gradual burning or carbonizing of 
the insulation until it finally breaks down. 

Short-circuited field -coils having a few of their turns short- 
circuited, if not promptly discovered, are likely to result in burned- 
out armatures, as the weakening of the field reduces the coun- 
ter-electromotive force of the motor, so that an abnormally large 
current flows through the armatures. Cars with partially short- 
circuited fields are likely to run above their proper speed, though, 
if only one motor on a four-motor equipment has defective fields, 
the motor armature is likely to burn out before the defect is no- 
ticed from the increase in speed. 

Sparking at the Commutator. As railway motors are 
made to operate, and usually do operate, almost sparkless, 
sparking at the brushes may be taken as a sign that something is 
radically wrong. 
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The pressure exerted by the spring in the brush holder may 
not hold the brush firmly against the commutator. 

If brushes are burned or broken so that they do not make 
good contact on the commutator, they should l>e renewed or should 
be sandpapered to fit the commutator. 

A dirty commutator will cause sparking. 

A commutator having uneven surface will cause sparking, and 
should be polished off or turned down. 

Sometimes the mica segments between commutator-bars do not 
wear as fast as the bar ; and when this is the case, the brushes 
will be kept from making good contact when the com mutator- bars 
are slightly worn. The remedy is to take the armature into the 
shop, and groove out the mica between the comutator-bars for a 
depth of about ^ inch below the commutator surface. 

A greenish flash which appears to run around the commutator* 
accompanied by scoring or burning of the commutator at two 
points, indicates that there is an open -circuited coil at the points 
at which the scoring occurs. 

The magnetic field may be weakened by a short circuit in the 
field-coils, as before explained, and this may give rise to sparking. 

Short circuits in the armature may give rise to sparking, but 
will also be made evident by the jerking motion of the car and 
the blowing out of the fuse. 

Failure of Car to Start. The failure of the car to start 
when the controller is turned on may be due to any of the fol- 
lowing causes : 

Opening of the circuit-breaker at the power house. 

Poor contact between the wheels and the rails owing to dirt 
or to a breaking of the bond wire connections between the rail on 
which the car is standing and the adjacent track. 

One controller may be defective in that one of the contact 
fingers may not make connection with the drum. In this case, try 
the other controller if there is another one on the car. 

The fuse may be blown or the circuit-breaker opened. The 
occurrence of either of these, however, is usually accompanied by 
a report which leaves little doubt as to the cause of the interrup- 
tion in current. 

The lamp circuit is always at hand for testing the presence of 
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current on the trolley-wire or third rail. If the lamps light when 
the lamp-circuit is turned on, it is a tolerably sure sign that any 
defect is somewhere in the controllers, motors, or fuse-boxes, 
although in case the cars are on a very dirty rail enough current 
might leak through the dirt to light the lamps, but not sufficient 
to operate the cars. In such a case, the lamps will immediately 
go out as soon as the controller is turned on. Ice on the trolley- 
wire or third rail will have the same effect as dirt on the tracks. 
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MANAGEMENT OF DYNAMO 
ELECTRIC MACHINERY, 



The object of this instruction paper is to set forth the most 
important features which must be considered in the actual handling 
and operation of electric generators and motors. The principles 
and general construction of direct-current (D. 0.) and alternating- 
current (A. C.) generators and motors, are treated elsewhere. 

The subject may be divided into three parts as follows: 

A. The Selection, Erection, Connection, and Operation. 

B. . The Inspection and Testing. 

C. The Troubles or ll Diseases ' ' and Remedies. 

SELECTION OF A MACHINE. 

The voltage, capacity, and type of machine are dependent upon 
the system to which it is to be connected, and the purpose for 
which it is to be utilized, but there are certain general features 
which should be considered in every case. 

Construction. This should be of the most solid character and 
guaranteed first-class in every respect, including materials and 
workmanship. 

Finish. A good finish is desirable, since it is likely to cause 
the attendant to take greater care of the equipment. 

Simplicity. The machine should be as simple as possible in 
all its parts; peculiar or complicated features should be avoided, 
unless absolutely essential for the operation of the system. 

Attention. The amount of attention required by the machine 
should be small. The number of screws or nuts should be reduced 
to a minimum, and they ought always to be provided with some 
locking device to prevent them from becoming loose. The brushes 
should be capable of being easily adjusted and self-feeding, so that 
they may "follow" or make up for any trifling eccentricity of the 
commutator. The bearings should be self-oiling, and in the smaller 
sizes self-aligning. 

Handling. An eye-bolt or other means by which the machine 
can be easily lifted and moved is desirable. It ought to be possible 
to take out the armature conveniently by removing one of the 
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bearings, or the tops of the field magnet, frame and bearings, or by 
moving the halves sideways if the frame is split vertically. The 
armature and field windings should be so designed and mounted 
that their removal for repairs is an easy matter. 

Interchangeability. The machine selected should preferably 
be one of a regular and standard type, so that extra parts can be 
obtained without needless delay. 

Regulation. Some form of regulating device should be pro- 
vided by means of which the E. M. F. or current of a generator, 
or the speed, and in some cases the direction of rotation of a 
motor, can be readily and accurately controlled. 

Form. The machine should be symmetrical, well-propor- 
tioned, compact and solid in form. The large and heavy portions 
should be placed as low as possible, to give greater stability. 

Weight. It is a mistake to select a very light machine when 
it is for stationary use, since weight increases its strength, sta- 
bility, and durability. 

Capacity. This should be ample for the work to be done; in 
fact it is advisable to allow a margin for increase. The machine 
should be provided with the maker's name-plate, specifying the 
rated current, voltage, speed and capacity. The manufacturer 
should also guarantee the following: That the machine does not 
heat up in any part of its windings, to more than 50° C, after a 
run of six hours' duration, under rated load conditions;* also that 
it is able to carry a 25 per cent overload for two hours, and mo- 
mentary overloads of 50 per cent, without excessive heating or 
sparking. 

Cost. It is usually an error to select a generator or motor 
simply because it is cheap, since both the materials and workman- 
ship required for the construction of a high-grade electrical ma- 
chine are costly. 

MECHANICAL CONDITIONS. 

Location. The place chosen for the machine should be dry, 
free from dunt or grit, light, and well ventilated. It must also 
be arranged so that there is room enough for the removal of the 
armature without shifting or turning the machine. 

Foundations. It is of great importance to have the machine 

♦Note. By resistance measurements. 
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firmly placed upon a good and solid foundation; otherwise, no 

matter how well constructed and managed, the vibrations occurring 

on a poor foundation will produce 

sparking at the brushes, and its 

accompanying troubles. 

It is also necessary, if the ma- 
chine is belt-driven, to mount it 

upon rails or a sliding bed-plate 

provided with holding-down bolts 

and tightening screws for aligning 

and adjusting the belt while the 

machine is in operation. (See Fig. 

1). The machinery foundations 

consist of a mass of stone, masonry, 

brickwork, or concrete, upon which 

the machinery is placed and usually 

held firmly in place by bolts pass- *" ' 

ing entirely through the mass. These bolts are built into the 

foundations, the proper position for them being determined 

"by a wooden template suspended above the foundation, as 

shown in Fig, 2. The bolts are preferably surrounded by iron 





pipe that fixes them longitudinally but allows a little side play 
which may be necessary to enable them to enter the bed-pl» 
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holes readily. The brickwork for machinery foundations should 
consist of hard burned bricks of first quality, laid in good cement 
mortar. Ordinary lime mortar is entirely unfit for the purpose, 
being likely to crumble away under the effect of the vibrations 
caused by the machinery. Brick or concrete foundations should be 
finished with a cap of bluestone or cement. This tends to hold the 
foundation together, and forms a level surface upon which to set 
the machinery. If the engine and generator are provided with a 
cast-iron sub-base, the capping may be dispensed with. 

Fixing the Machine. In fixing either direct -connected or 
belt-driven machines, first determine, with a long straight edge 
and spirit level, if the top of the foundation is level and true. If 
this is found to be the case, the holding-down bolts may be 
dropped into the holes in the foundation, if they are not already 
"built in, and the machine carefully placed thereon, the ends of the 
bolts being passed through the holes in the bed-plate and secured 
by a few turns of the nuts. The machine should then, if belt- 
connected, be carefully aligned with the transmitting pulley or fly 
wheel. Particular attention should be paid to the alignment of 
the pulleys in order that the belt may run properly. If direct- 
connected, the dynamo bed-plate and armature shaft must be care- 
fully aligned and adjusted with respect to the engine shaft, raising 
or lowering the bed-plates of the corresponding machines by means 
of thin cast-iron or other wedges; and the generator frame should 
also be adjusted to its proper height by means of thin strips of 
metal or fiber set between its supporting feet and the bed-plate. 
Having thus aligned and leveled the machine, it should next be 
grouted with thin cement. This is done by arranging a wall of 
mud or wooden battens around the bed -plates of the machines, 
and running in thin cement until the holding-down bolt holes are 
tilled, and the cement has risen to the level of the under side of the 
bed -plate. When the cement has set, the wall may be removed 
and the nuts on the holding-down bolts drawn up. This firmly 
fixes the machine upon its foundation. 

Mechanical Connections. Various means are employed to 
connect the engine or other prime mover with the generator, or 
the motor with the apparatus to be driven. The most important 
are as follows: 
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Direct Connection. 
Bdl mi,'. 
BegM Driving. 
Toothed Gearing. 

Other apparatus, such aa shafting, clutches, hangers and pul- 
leys, are used id connection with the above means. 

Direct Connection. This is the simplest, and for that reason 
the most desirable, mean3 of connection, provided it can be carried 
out without involving sacrifices that offset its advantages. This 







method, also called direct coupling or direct driving, compels the 
engine and generator to run at the same Bpeed, which gives rise to 
some difficulty, as the most desirable speeds of the two machines 
do not usually agree. Tim natural speed of a generator is high, 
while that of an engine is low; hence to obtain the same voltage 
from a direct-connected generator, more inductors are necessary, 
or the flux cut must he increased. Accordingly, the armature and 
frame of the direct-connected generator must he larger, thus mak- 
ing it a morn expensive machine than the licit -driven. 

The direct connection of an engine and generator is accom- 
plished in several ways, the simplest of which consists in niouut- 
ing the armature of the generator directly on one end of the shaft 
of the engine. This may be accomplished in any one of several 
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ways. Fig. 3 represents the three-bearing method. Two-and- 
four.bearing methods are also naed. These secures the great 
advantages: that accurate alignment is readily obtained, and space 
occupied reduced to a minimum, and the mounting of the bearings 
on a common sub-base avoids trouble due to unequal settling. 

Another form of direct coupling is that in which an engine 
and a generator, each complete in itself, and each having two bear- 
ings, are coupled together by some mechanical device, which may 
be either rigid or slightly elastic or adjustable. In the former case 
the two shafts are practically 
equivalent to a single one, 
which, while making it easy to 
remove either machine for re- 
pairs, is somewhat objection- 
able owing to the fact that it 
requires larger foundations, 
and introduces the difficulty of 
accurately aligning four bear- 
ings. The use of a flexible 
coupling avoids the necessity 
of perfect alignment, and also 
the serious trouble that might 
arise if the settling or the wear 
of the bearings should be un- 
even. There are various forms of flexible coupling. One of the 
forma manufactured by the Westinghouse Machine Company is 
shown in Fig. 4, the flexibility being provided by the springs 
which hold the two parts of the coupling together. 

The tlirt-H coupling of ' yenenttms with turbines can Iks car- 
ried out without departing from the natural speed of either ma- 
chine, since the ordinary speed of a turbine agrees closely with the 
normal speed of a generator of the corresponding capacity. 

The relative efficiency of direct coupling and belting depends 
greatly upon the conditions; but in general the former is more effic- 
ient at or near rated load, and the latter at light loads. The sim- 
plicity, romjnrctiwx.*, and juiM/tiv unit nuinelese action of direct 
connection have caused it to become the most approved method. 
Belting. If the generator or motor is not directly connected, 
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one to the prime mover and the other to the apparatus to be driven, 
they are usually connected by some form of belting. The kind of 
belting selected depends greatly upon conditions of drive, distances, 
etc.; and it may be leather, rawhide, rubber, or rope. For ordin- 
ary short drives, leather is the most desirable, though, when the 
power to be transmitted is small, rawhide belts are also satisfactory, 
especially as the cost is less than for leather belts. For consider- 
able distances, rope driving answers very well because it is so much 
lighter and cheaper than an equivalent leather belt, though grooved 
pulleys are required, making the total cost about the same. Rub- 
ber belts are used to advantage in driving generators from water 
turbines, where the belt might be exposed to moisture. Leather 
belting is usually the most reliable and satisfactory for general ap- 
plication, except for very short drives, where a form of chain belt 
works best. There are three thicknesses of leather belting — single, 
light-double, and double. For use in connection with generators, 
motors, or other high-speed machinery, the " light-double " belting 
is usually the best. 

The exact amount of power that a given belt is capable of 
transmitting is not very definite. The ordinary rule is that " sin- 
gle " belt will transmit 1 horse-power for each inch of its width 
when traveling at a speed of 1,000 feet per minute. If the speed 
is greater or less, the power is proportionately increased or de- 
creased. The statement of II. P. transmitted is based upon the 
condition that the belt is in contact with the transmitting pulley 
around one-half of its circumference, or 180°, which is usually the 
case. If the arc of contact is less than 180°, the power transmitted 
is less in the following proportion: An arc of 135° gives 84 per 
cent, while 90° contact gives only 64 per cent of the power de- 
rived from a belt contact of 180°. If on the other hand, the upper 
side sags downward, which is always desirable, the belt is in con- 
tact with more than half the circumference of the pulley; and thus 
the grip is considerably increased and more power can be trans- 
mitted. These facts make it very desirable to have the loose side 
of the belt on top. If the loose side is below, it sags away from 
the pulley and is also likely to strike the floor. 

The complete expression for determining the width of a sin- 
gle belt required to transmit a given horse-power is as follows: 
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im ^^^m ^ - i ■ ^^j i — 

w H. P. X 1,000 

w= sxc — ' 

where W is the width of the belt in inches; H. P. the horse-power 
to be transmitted; S the speed of the belt in feet per minute, which 
is equal to the circumference of the driving pulley in feet multi- 
plied by the number of revolutions per minute;* and C a factor 
dependent upon the arc of contact. 

" Double " belting is expected to transmit one and one-half 
(1 i), and " light-double " one and one-quarter (1 J % ) times as much 
power as " single" belting of the same width. Belting formulas 
are only approximate, and should not be applied too rigidly, since 
the grip of the belt upon the pulley varies considerably under dif- 
ferent conditions of tension, temperature and moisture. The smooth 
side of a belt should always be run against the pulley, as it trans- 
mits more power and is more durable. Belting used for electric 

machinery, being usually 
high-speed, should be made 
'•endless" for permanent 
work, as this makes less noise; 
but it may be used with laced 
joints, temporarily. A spliced 
or u endless" joint is made 
as follows: — Both ends of the 
belt are pared down on one 
side (opposite) with a sharp knife, into the form of a long thin 
wedge, so that when laid together a long uniform joint is obtained 
of the #////<? thick/**** //.y the htlt itself. The parts are then firmly 
joined with cement and sometimes with rivets also. It may be 
necessary to splice or lace a belt while in position on the pulleys; 
and for this purpose some form of belt clamp (Fig. 5) should be 
employed. 

If a belt is ordered endless, or is spliced away from the pulleys, 
great care should l>e exercised in determining the exact length re- 
quired. A string that will not stretch, or preferably a wire put 
around the pulleys in the position to be occupied by the belt, is the 

* Notk. Bolts slip or ** creep" on the pulley about 2 per cent; hence, 
in determining the size of pulleys whose speed must be accurate, the calculated 
belt speed should bo about i 1 per cent too high. 




Fig. 5. 
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best way to avoid a mistake. In measuring for a belt, the gener- 
ator or motor should be moved on its sliding base so as to make 
the distance between shaft centers a minimum, in order to allow 
for the stretch of the belt, which may be as much as A inch per 
foot of length. 

The lacinq of a belt is a very simple and common method of 

xnaking a joint; but should not be permanently employed at high 

speeds for electric machinery belting, as it is liable to pound on 

"the pulleys, producing noise, vibration and sparking; and in the 

c^ase of generators it is also likely to cause flickering in the lamps. 

In lacing belts, the ends should be cut j>et feet I y square, awl there 

should be as many, stitches of the luce slanting to the hft as 

there are to the right; otherwise the ends of the belt will shift 




Fi£. 6. 

sidewise owing to the unequal strain, and the projecting corners 
may strike or catch in the clothing of persons. A good way to 
accomplish this is shown in Fig. 6. The various holes should be 
made with a circular punch, the nearest one being about £ inch 
from the side, and the line through the center of the row of holes 
about 1 inch from the end of the belt. In large belts these dis- 
tances should be a little greater. A regular belt lacing of strong 
pliable leather or a special wire is used. The lacing is doubled to 
find its middle; and the two ends are passed through the two holes 
marked " 1 " and " la" precisely as in lacing a shoe. The two ends 
are then passed successively through the two series of holes, in the 
order in which they are numbered, £, .9, 4, etc., and 2a y 3a y 4a, 
etc., finishing at 13 and 13a, which are additional holes for secur- 
ing the ends of the lace. The great advantage of this method of 
lacing is that the lace lies on the pulley side perfectly parallel to 
the direction of motion. 
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Perforated belt* are often employed for the reason that a film 
of air is likely to be imprisoned between the belt and the pulley, 
thus preventing a good grip. Henee small perforations are some- 
times made in the belt, especially for high-speed operation (3,000- 
5,000 feet per minute », to allow the air to escape; and since these 
are in the form of narrow slits, with their greatest dimension in 
the direction of motion, they do not materially reduce the strength 
of the belt. 

Arrangement and Care of Btltimj. It is very desirable, 
for satisfactory running, that belts should be reasonably long and 
nearly horizontal. The distance between the centers of two belt- 
connected pulleys should be not less than 3 times the diameter of 
the larger pulley. The belt should be just tight enough to avoid 
slipping, without straining the shaft or bearings. The two shafts 
which are to be l>elt -connected must be perfectly parallel, and the 
centers of the face of the driving and driven pulleys must be ex- 
actly opposite to each other, in a straight line perpendicular to the 
axis of the shafts. The machines should then be turned over 
slowly with the belt on, to see if the latter tends to run to one side 
of the pulley, which would show that it is not yet properly "lined 
up," in which case one or both machines should be slightly shifted, 
until the belt runs properly. If possible, the machine and belt 
should be set and adjusted so as to cause the armature to move 
back and forth in the bearings while running, on account of the 
side motion of the belt, and thus make the commutator wear more 
smoothly, and distribute the oil in the bearings. 

It is always desirable to have belts as pliable as possible; 
hence the occasional use of a good, belt dressing — as neatsfoot oil, 
etc. -is recommended. llosin and other sticky substances are 
sometimes applied to increase the adhesion; but this is a practice 
allowable only in an emergency, as it may destroy the belt surface. 

In places where the belting is very much exposed, and liable 
to catch in the clothing of any person, it is advisable to surround 
it by a railing or box. 

Rope Driving possesses advantages over ordinary belting in 
some cases. The rope runs in V-shaped grooves in the peripheries 
of the pulleys, and thereby obtains a great grip by a sort of wedg- 
ing action. The kinds of rope ordinarily employed for this pur- 
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pose are cotton, hem J), rawhide and wire. The general advantages 
are: 

1. Economy in cost. 

2. Large amount of power that can be transmitted with a 
given diameter and width of pulley, on account of the grip ob- 
tained. 

3. It is almost noiseless. 

4. Ropes, on account of their lightness, can be used to trans- 
mit power over greater distances than are possible with any other 
form of belting; and also for very short distances on account of the 
wedging action. Manila rope is generally used in the United States, 
being of three strands, hawser laid, and may be from £ inch to 2 
inches in diameter. The breaking strength varies from 7,000 to 
12,000 pounds per square inch of cross-section. It has been found 
that the best results are obtained when the tension in the driving 
side of the rope is only 3 to 4 per cent of the breaking strength. 

The diameter of a single rope necessary to transmit a required 
H. P. is given by the formula: 

S2r> H.P. 



D* 



V(200 - ~*lA 
v 1.072/ 



1,072. 
in which H. P. = horse-power transmitted; 

V = velocity of rope in feet per second; 
D = diameter of rope in inches. 

The maximum power is obtained at a speed of about 84 feet 
per second. With higher speeds the centrifugal force becomes so 
great that the power transmitted decreases rapidly, and at about 
142 feet per second it counteracts the whole allowable tension 
(200 D J pounds) and no power is transmitted. 

Arrangement of Hope Belting. There are two methods of 
arranging rope transmission: one consists in using several separate 
belts; and the other employs a single endless ro])e which passes 
spirally around the pulley several times and is brought back to 
the first groove by a slanting idle pulley, and therefore is called 
the "wound" system. The separate ropes do not require the 
carrying-over pulley, and if one rope breaks, those remaining are 
sufficient to transmit the power temporarily; whereas an accident 
with the single-rope system entirely interrupts the service. In 
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the u mnlti-rope" system it is practically impossible to make and 
maintain the belts of exactly equal length, hence the tensions on 
the various ropes differ, and they hang at different heights on the 
slack side, producing an awkward appearance. 

Toothed Gearing possesses the decided advantages of positive 
action and the ability to give large ratios of speed and small side 
pressure on the bearings. Nevertheless it is seldom employed for 
driving generators. As the most extensive applications of gearing 
for electrical purposes are in connection with railway motors, it 
will be taken up under that heading. 

SHAFTING. 

An intermediate or counter shaft is not desirable since it in- 
creases the complication and fractional losses of the system; but it 
is often necessary in the generation or application of electric power, 
either to obtain a greater multiplication of speed than is possible 
by belting directly, or to enable a single engine or motor to drive 
a greater number of machines. 

The two important kinds of shaftings are ".cold-rolled " and 
44 turned."' The former is rolled to the exact size and requires no 
further treatment. It has the advantage of a smooth, hard surface, 
but it is difficult to make perfectly true and straight. Turned- 
steel shafting is most commonly employed, and has the advantage 
that shoulders, journals, or other variations in size can be easily 
made on it. The following table gives the ordinary data for 
shafting: 

TABLE I. 
Shafting. 



1 

Diameter in 
inches. 


Weight 
lbs. per ft. 


Allowable 
H. P. trans- 
mitted at 
100 r. p. ra. 


Width of 

key seat In 

inches. 


iiV 


5.5 


4.3 


1 


Mi 


10. 


10. 


i 


9 7 


15.8 


20. 


\ 


-1 * 


23. 


31. 


I 


3|'« 


31.5 


51. 


I 


3ii 


41. 


SO. 


l 


4} 


62.8 


158. 


l 


H 


91.1 


270. 


l 
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With speeds greater than 100 r. p. m., the allowable II. P. varies 
directly in proportion to the speed employed. 

ASSEMBUNO OP THE MACHINE. 

la unpacking and putting the machine together, great care 
should be used to avoid the least injury to any part, to clean scru- 
pulously each part, and to put the parts together in exactly the 
right way. This care is particularly important with regard to the 
8 ha£t, bearings, magnetic joints, and electrical connections, from 




Pig. 7. 

which every particle of grit, dust, metal chips, waste, etc., should 
be removed. It is advisable to study carefully the blue prints or 
instruction matter usually seat with each machine, before attempt- 
ing to put it together. The armature must be handled with great 
care in order not to injure the wires and their insulation as welt as 
the commutator and shaft. The armature should be handled as far 
as possible by the shaft, and when it must be placed on the ground 
a pad of cloth or layer of boards should be interposed. A con- 
venient form of sling for handling armatures with their shafts in 
position is shown in Fig. 7. The bearings should be carefully 
cleaned, set in exactly the right positions, and firmly secured. The 
tops should be left loose for a short time, so that the tendency to 
heat up at the first run may be decreased; and after that they 
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should l)e drawn up tight. The field frame should be set so that 
the air gap is the same for all pole pieces, as otherwise the ma- 
chine will be magnetically unbalanced and tend to spark badly. 
The adjustment of the brushes, etc., should preferably be 
left until the machine is electrically connected and ready to receive 
its trial run. 

METHODS OF WIRING. 

Before laying the wires, the circuits should be carefully mapped 
out and the work so planned as to secure the simplest arrangement. 
The wiring should then be installed neatly and in accordance 
with the rules of the National Board of Fire Underwriters and of 
the local department having supervision. Otherwise unnecessary 
trouble, delay and expense may be incurred. 

The wire may be installed in one of two general methods, vh.: 

(Cleats. 
Knobs. 
Bushings. 
) Wooden moulding. 
Iron conduit. 
Terra ootta conduit. 

The wire should preferably be either rubber-covered or made 
up in the form of lead cables. Exposed wires possess the advan- 
tages of cheapness, as well as accessibility for inspection and repair; 
and any short circuit or ground is readily seen and removed, 
whereas it might cause great uncertainty and delay when the wires 
are concealed. 

Concealed conductors, especially where they are placed under 
/he floor, have the great advantage over exposed wiring, in that 
they are entirely out of the way. This is especially important in 
large installations, where overhead traveling cranes are almost a 

necessitv. 

« 

When alternating-current conductors are enclosed in iron con- 
duits, both wires of each phase, or all the wires, must be run in the 
same duct, otherwise the inductance would l>e excessive. 

All conductors, including those connecting the machine with 
the switchboard, as well as the bus bars on the latter, should be of 
ample size to be free from overheating and excessive loss of volt- 
age. The drop between the generator and switchboard should not 
exceed i per cent at full load, because it interferes with proper 



\at 
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* e gulation and adds to the less easily avoided drop on the distribu- 
tion system. 

The safe carrying capacities of copper conductors as recom- 
mended by the Board of Fire Underwriters, are given in the fol- 
ding table: 

TABLE II. 
Safe Carrying Capacities of Copper Wires. 



Rubber 

Insulation. 

Am perns. 

3.. 



Other 

Insulations. 

Amperes. 

5.. 



B.A8.G. 

18.... 

16 6 

14 12 

12 17 

10 24 

8 33 

6 46. 

5 54 

4 65 

3 76. 

2 90. 

1 107. 

127 

00 150. 

000 177. 

0000 210. 

Circular Mils. 

200,000 200 

300,000 270 

400,000 330 

500,000 390 

600,000 450 

700,000 500 760 

800,000 550 840 

900,000 600 920 

1,000,000 650 1,000 

1,100,000 690 1,080 

1,200,000 730 1,150 

1,300,000 770 1,220 

1,400,000 810 1,290 

1,500,000 850 1,360 

1,600,000 890 1,430 

1,700,000 930 1,490 

1,800,000 970 1,550 

1,900,000 1,010 1,610 

2,000,000 1,050 1,670 

The lower limit is specified for rubber-covered wires to prevent gradual 
deterioration of the high insulations by the heat of the wires, but not from 
fear of igniting the insulation. The question of drop is not taken into con- 
sideration in the above tables. 

The carrying capacity of Nos. 16 and 18, B. & S. gage wire is given, but 
no smaller than No. 14 is to be used. 



Circular Mils. 

1,624 

8 : 2,5as 

16 4,107 

23 6,530 

32 10380 

46 16,510 

65 26,250 

77 33,100 

92 41,740 

110 52,630 

131 66,370 

156 83,690 

185 105,500 

220 ia%ioo 

262 167,800 

312 211,600 

300 
400 
500 
590 
680 



186 



18 MANAGEMENT OF DYNAMO-ELECTRIC MACHINERY 



The safe carrying capacity of insulated aluminum wire is 84 
per cent of that given for copper wires of corresponding size and 
insulation. 

Switches are devices for closing and opening the various cir- 
cuits or branches of an electrical distribution system. A knife 
switch should always be employed when the capacity of the circuit 
to be controlled exceeds 10 amperes. It may be single-, double-, or 
triple-pole; single- or double-throw; and with or without fuses as 
desired. If the rated capacity of a switch exceeds 25 amperes, its 
terminals must be provided with lugs into which the ends of the 
conducting wires should be soldered. The principal parts of a 
knife switch (Fig. 8) are the base (#), which must consist of a non- 
combustible, n on -absorptive insulating material; the hinges (ft), 
which carry the blades (<?); the con tact jaws or clips (d); the insu- 
lating cross-bar (<?); and the handle (f). The hinges, blades 

and jaws should be made of 
pure copper, of sufficient cross- 
section to insure mechanical 
stiffness and proper carrying 
capacity, and their contact sur- 
faces must not be less than 1 
square inch per 75 amperes of 
the rating. The hinges and 
contact jaws must be springy 
enough to insure good contact 
with the blades. The blades 
and jaws must be so shaped 
that they open along their entire length simultaneously; other- 
wise the arc which is formed upon opening a loaded circuit, will 
burn off the last points of contact. In fact this arc, when pro- 
duced by a heavy current, is very difficult to control; and switches 
should never be opened on heavily -loaded circuits except in an 
emergency. In practice, however, some form of electro- magnetic 
circuit-breaker is employed for the purpose, and may be operated 
automatically with overload, or by hand at any time. 

Knife switches should be so placed that gravity tends to open 
rather than to close them. They should always be located in dry, 
accessible places and grouped as far as possible. If located in ex- 




Fig. 8. 
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* ^^^d positions they should be enclosed in slate or equivalently 
. **^<I cabinets. The distances between the parts of opposite polar - 
y* ** in an approved knife switch, must never be less than the values 
*=>n in the following table: 

TABLE III. 

Switch Data. 

Minimum Separation of Minimum 

► VOLTS OB LESS : Neurest Mot a I Parts of Break- 

Opposite Polarity. Distance. 

^ y or Suntchboards and Panel Boards— 

10 amperes or less f inch 1 inch. 

11-25 " 1 " | " 

26-50 " U " 1 " 

-For Individual Sivitches— 

10 amperes or less 1 inch J inch. 

11- 35 " ...'. 11 " 1 

36- 100* " lj " li " 

101- 300 u 2i " 2 

301-600 " 2$ " 21 " 

601-1,000 '• 3 " 2\ " 

1 26 to 250 volts : 

For all Switches — 

10 amperes or less 1 1 inch IV inch. 

11- 35 " 1* " lJ " 

36-100 " 2? 4fc - 2" " 

101- 300 " 21 " 21 " 

301-600 " 2\ " 21 u 

601-1,000 " 3 " 2'{ " 

On switchboards, the above spacings for 250 volts direct cur- 
**ent are also approved for 440 volts alternating current. Switches 
on switchboards with these spacings intended for use on alternat- 
ing-current systems with voltages above 250, must be stamped 
with the voltage for which they are designed, followed by the let- 
ters < k A. (V 

251 to 600 volts : 

For all Switches — 

10 amperes or less 3 J inch 3 inch. 

11-35 " 4 " 31 " 

36-100 " 4J " 4~ " 

Auxiliary breaks or the equivalent are recommended for 

switches designed for over 300 volts and less than 100 amperes, 

and will be required on switches designed for -use in hreakiny 

currents greater than 100 amperes at a pressure of more than 

300 volts. 
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the conductors are made. They most be mounted on slate, marble, 
or porcelain bases; and all metallic fittings employed in making 
electrical contacts mast have sufficient cross-section to insure me- 
chanical stiffness and carrying capacity. 

Electro-magnetic Circuit- Breakers or Limit Switches are fre- 
quently used in place of fuses to protect electrical circuits. Their 




general construction and application are indicated in Fig. 11. The 
current is led through a helix A the electro- magnetic action of 
which, when the current reaches a predetermined limit, automatic- 
ally releases the blades from contact with the jaws and thus opens 
the circuit. -The final break occurs at carbon tips, thus preventing 
destructive arcing at the copper contacts. Circuit- breakers possess 
the following advantages over fuses: 

1. They can be employed as switches if desired. 

2. They can easily be reset and thus put into condition for acting 
■fain. 
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X Their ruge caa be tmmhr isried vitfen u—iiknUk. lianta. 
4. They cau alao be anfe to operate "tell tales* 9 whenever the eirenit 
they control is opened. 

On account of these general advantages, their use is advisable 
on switchboards of systems that are liable to frequent overloads. 
The circuits, however, should, as a rule, be provided also with 
fuses, since it is possible that the circuit-breaker may fail to open, 
owing to corrosion or other cause. 

Starting-Boxes should always be furnished with D. C. motors, 
for the following reason: If the line voltage should be applied 
directly to the terminals of the armature while it is standing still, 
a very excessive current would flow, since the resistance is low and 
no C. E. M. F. exists. Hence, to prevent injury to the winding, a 
resistance is inserted between one supply terminal and the arma- 
ture in order to reduce the electromotive force at the motor terminals 
while it is speeding up. the resistance being gradually reduced 
until completely removed when rated speed is reached. All motor 
starting-boxes must also be provided with a no- voltage release. 
This consists of an electro-magnet in series with the shunt-field 
circuit, which holds the rheostat arm in the operating position as 
long as current flows through the shunt field from the line. If 
the line switch be opened or the shunt-field circuit accidentally 
broken, the device becomes demagnetized and releases the arm, 
which return? to its starting position i all. resistance in circuit) by 
the action of a spring or of gravity. The starting- boxes of larger 
motors are also frequently equipped with overload releases. These, 
practically, are electro- magnetic circuit-breakers which open the 
supply lines if the motor becomes greatly overloaded. The general 
arrangement of switches, cut-outs and starting-boxes should be in 
accordance with the following extract from the Rules of the 

National Board of Fire Underwriters: 

1 ' Each motor ami starting-box must be protected by a cut-out and 
controlled by a switch, said switch plainly indicating whether 'on' or 'off.* 
The switch and rheostat must be located within sight of the motor, except in 
rase* whore special permission to locate them elsewhere is given, in writing, 
by the Inspection Department having jurisdiction. 

"Where the circuit -breaking device on the motor-starting rheostat dis- 
connects all wires of the circuit, this switch may be omitted. 

"Overload-release devices on motor-starting rheostats will not be con- 
"idered to take the place of the cut-out required if they are inoperative during 
w ■tarting of the motor. 



190 
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"The switch is necessary for entirely disconnecting the motor when 
not in use; and the cut-out, to protect the motor from excessive currents due to 
accidents or careless handling when starting. An automatic circuit-breaker 
disconnecting all wires of the circuit, may, however, serve as both switch and 
cut-out. " 

The Various Kinds of Circuit on which motors and gener- 
ators are commonly used, and the best type of machine in each 
case, are as follows : 

TABLE IV, 

Types of flachlne for Various Kinds of Circuits. 

DIRECT-CURRENT, CONSTANT-POTENTIAL. 

Circuits on which potential or voltaqc is kept constant; machines, lamps, etc., 

being run in parallel. 



Currents 
intended for— 



Electro-metal- 
lurgy. 

Incandescent 
lighting. 



Electric railway 
Electric power. 



Potential. 



Generator 
should be — 



1 to 150 volts 

110 to 125 volts 

(2- wire sys.) 
220 to 250 volts 
(2- or 3- wire sys.) 



Shunt- wound. 



Shunt- or 

compound - 

wound. 



500 to 660 volts j ( ^ 1 und nd 



Motor should bo — 



Not used. 

Shunt-wound for 

constant speed. 

Sometimes series- or 

compound -wound 

for variable speed. 

Series -wound for 

railway. 

Shunt-wound for 

stationary. 



DIRECT, CONSTANT-CURRENT. 

Circuits on ichich current or amperes are kept constant ; machines, lamps, etc., 

being run in scries. 



Circuits 
intended for— 


Current in Amperes. 


Generator 
should be— 


Motor. 


Arc lighting. 


6.8 or 9.6 


Series -wound 

with current 

regulator. 


No longer used. 



ALTERNATING-CURRENT, POLYPHASE. 
Constant-potential, two- or three-phase currents. 



Circuits intended for— 



Power transmission. 



Potential in Volts. 



On the line, 
5,000 to 
60,000. 



In the 

machines, 

varying 500 

to 12,000 



Generator 
should be — 



Motor is— 2 



Separately 
excited. 



Synchronous 
or Induction. 
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ALTERNATING-CURRENT, SINGLE-PHASE. 
Almost always constant-potential. 



Circuits intended for— 


Potential in Volts. 


Generator 
should be — 


Motor 
should be — 


Incandescent 

lighting. 
Arc lighting. 

Sometimtt constant-current. 

Electric power. 


Primary, 

1,000 
or more, 


Secondary, 
104 or 208. 


Separately 
excited. 

Also some- 
times 

composite- 
wound. 


Synchronous. 
Induction. 

Series. 
Repulsion. 





Diagrams of Connections are given for each important case 
to show what is actually required. These merely represent the 
path of the currents in the simplest way, the important thing be- 
ing to have these paths right, and to know which parts or wires are 
to be connected. The case of plants operating with only a single 
generator will be first considered, and then the parallel or series 
operation of several machines described. 

Shunt Dynamo, Supplying Constant - Potential Circuit. 
A machine of the above type 
is represented in Fig. 12, with 
the necessary connections. The — 
brushes are connected to the two 
conductors forming the main cir- 
cuit; also to the tield-magnet coils 
ISA through a resistance- box K, to 
regulate the strength of current 

and therefore the magnetism in the field. A voltmeter is also con- 
nected to the two brushes or main conductors, to measure the volt- 
age or electrical pressure between them. One of the main 
conductors is connected through an am meter A, which measures 

the total current on the main 
circuit. The lamps L, or mo- 
tors M, are connected in par- 
allel between the main con- 
ductors or between branches 
from them. This represents 
the ordinary low-tension sys- 
tem for electric light and 
power distribution from isolated plants or central stations 



Fig. 12. 



< 



-* — 




Fi£. 13. 
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Series Dynamo Supplying Constant-Current Circuits. The 

connections in this case are extremely simple, the armature, iield 
coils, ammeter, main circuit, and lamps all being connected in one 
series (Fig. 13), the current be- 
ing kept constant. This system 
is used for series D. 0. arc light- 
ing. 

Compound Direct - Current 
Dynamo. This machine is a 
combination of the two forego- 
ing types as regards field wind- 
ing', but its load of lamps and motors are connected in parallel, 
as shown in Fig. 14. The resistance % is known as the " series " 
shunt, and is for adjusting the percentage of compounding. The 
greater the resistance of Z, the greater the current passing through 
the series field, and the greater the compounding. This type of 
machine is most extensively employed in electric railway and in 
isolated plant work. 



Pig. 14. 




Fig. 15. 
Alternating-Current Plants. The connections for a single- 
phase installation are shown in Fig. 15, in which the names of the 
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different parts are given. This system is extensively used for 
lighting over considerable distance*, but is not very well adapted 
for power application. The wiring of a two-phase system is essen- 
tially doable that giren above, and can be treated as a system eon* 
sisting of two single-phase circuits. 

The wiring of a three-phase system is as shown in Figs. 16a 
and 166, the former being known as the M Y" system or "Star" 




f§ 



Fig. 16a, 

system, and the latter as the *• Delta" (£) system or ''Mesh" sys- 
tem. When the Y system is required for both lighting and 
power, it is arranged as shown in Fig. 16c. 

The Direction of Rotation of the* various machines is some- 
times a matter of doubt or trouble. Almost any generator or 
motor is intended to be run in a certain direction; that is, it is 
called u right-handed" or ''left-handed*' according to whether the 
armature does or does not revolve like the hands of a clock, when 
looked at from the pulley end. Generators and motors are usually 







OQ 



Fig. 166. 

9 

designed to be right-handed, but the manufacturer will make them 

jft-handed if specially ordered. This may be required because 

he other pulley to which the machine is to be connected happens 

tf revolve left-handed; or it may be necessary in order to bring 

tie loose side of the belt on top, or to permit the machine to 

Bition where space is limited. 
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To reverse the direction of rotation of an ordinary shunt (or 
iSeries) direct- current bipolar motor, the brushes may simply be 
reversed as indicated in Fig. 17, without changing any connection. 
This changes the point of contact of each brash tip ISO". 

If the machine is multipolar, a similar change must be made, 
amounting to 90° in a four-pole, 45° in an eight-pole machine, etc. 



Pig. 16e 
The direction of the current and the polarity of the field magnets 
remain the same as before; all that is changed is the direction of 
rotation and the position of the brushes. This applies to any 
machine (either motor or gnerator) except arc dynamos and one 
or two other peculiar machines, which require to be run in a cer- 
tain direction to suit the regulating apparatus. 

A separately excited alternating. current generator can be re- 
versed in direction of rotation without changing any connection. 
A self-exciting or compound-wound alternator requires the brushes 
that supply the direct current to the field to be reversed upon the 




Pig. IT. 
commutator, and their tips moved through an angle as above 
stated, if the rotation is to be reversed. 

In any case, copper brushes (unless they be gauze brushes 
pressing radially upon the commutator) should point in the direc- 
tion of rotation; but carbon brushes, particularly if they are per- 
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pendicular to the surface of the commutator, allow the armatare^""we 
to be revolved in either direction. 

If the direction of the current from a generator is opposite 
that desired, the two wires leading from it shouM exchange pi 
in the terminal*). If this is not desirable, the residual magnetisnmi^Kni 
may be reversed by passing through the field winding a currents *t 
opposite in direction to the original current. 

Changing the direction of the current by reversing the mainfVH 
wires or otherwise, does not reverse the direction of rotation oHfc *f 
any motor, since it reverses hoth the armature and the field. Thes=^» 
way to reverse the direction of rotation is to reverse * ith* r the*=^ o 
armature or the field connection alone, leaving the other the sanies^ je 
as before. 

Examination before Starting. The machine should be— ^ *° 
cleaned throughout, esj>ecially the commutator, brushes, electri — *■ 
cal connections, etc. Any metal dust on the commutator or near~^ jr 
electrical connections should be removed, as it is very likely to 
cause short circuits or grounds. Examine the machine carefully, 
and make sure that there are no screws or other parts that are loose <^^ e 
or out of place. See that the oil -cups have a sufficient supply of 
oil, that the passages for the oil are clean, and that the feed is at 
the projHjr rate. In the case of self -oiling bearings, the rings or 
other means for carrying oil should work freely. See that the belt, 
if used, is in place, and that it has the proper tension. If the ma- 
chine is being started for the first time, it should be turned a few 
times by hand, or run very slowly, in order to determine whether 
the shaft revolves easily and the belt runs on centers of pulleys. 

The brushes should be carefully examined, and adjusted to 
make good contact with the commutator at the proper point, the 
switches connecting the machine to the circuit being left open. 
The machine should then be started w T ith care, and brought up to 
full sj>eed gradually, if possible. The person who starts either 
a dynamo or a motor should closely watch the machine and every- 
thing connected with it, and should be ready to throw it out of cir- 
cuit and stop it instantly if the least thing seems to be wrong. He 
should then be sure to find out and correct the trouble before start- 
ing i 

ienerator. A generator is usually brought up to 
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speed either by starting its engine or other prime mover, or by 
connecting it to a source of power already in motion, The former 
should be attempted only by a person competent to manage steam 
engines or the prime mover in question. The mere mechanical 
connecting of a generator to a source of power is usually not dif- 
ficult; but it should be done carefully and intelligently, even if it 
only requires throwing in a friction -clutch or shifting a belt from 
an idle pulley.' To put a belt on a pulley in motion is difficult and 
dangerous, particularly if the belt is large or the speed is high; 
and should not be tried except by one who knows just how to do 
it. Even if a stick is used for this purpose, it is apt to be caught 
and thrown around by the machinery unless used in exactly the 
right way. 

In many cases generators are brought to full speed Defore the 
brushes are put in contact with the commutator; but this is not 
necessary. If the brushes are in contact before starting, they can 
^e more easily and perfectly adjusted, and the E. M. F. will come 
up slowly, so that any fault or difficulty will develop gradually and 
can be corrected, or the machine stopped, before any injury is 
done. In fact, if the machine is working alone on a system, and 
is absolutely free from any danger of short-circuiting any other 
machine or storage battery on the same circuit, it may be started 
while connected to the circuit, but not otherwise (see next article). 
With a large number of lamps connected to the circuit, the field 
magnetism and voltage might not be able to " build up " until the 
line is disconnected. 

If one generator is to be connected to another or to a circuit 
having other generators or a storage battery working upon it, the 
greatest care should be taken. This coupling together of genera- 
tors can be done perfectly, however, if the correct method is fol- 
lowed, but is likely to cause serious trouble if any mistake is 
made. 

Two or more machines are often connected to a common 
circuit. This is especially the case in central stations w T here the 
load varies so much that, while one generator may be sufficient for 
certain hours, two, three, or more machines may be required at 
other times. The various ways in which this is done depend upon 
the character of the machines and of the circuit. 
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Generators may be connected together either in parallel or in 
series. 

Generators in Parallel. In this case the -r (positive or pins) 
terminals are connected together or to the same line, and the - 
(negative or minus) terminals are connected together or to the other 
line. The currents (i. e., amperes) of the machines are thereby 
added, but the E. M. F. (volts) is not increased. The chief 
condition for the running of generators in parallel is that their 
voltages shall be equal, but their current capacities may be 
different. 

For example: A generator producing 10 amperes may be 
connected to another generating 100 amperes, provided the 
voltages agree. Parallel working is therefore suited tb con- 
stant-potential circuits. A generator to be connected in parallel 
with others or with a storage battery, oust first be brought up 
to its proper speed, E. M. F., and other working conditions; 
otherwise it will short-circuit the system, and might burn out its 
armature. Hence it should not be connected to a circuit in 
parallel with others until its voltage has been tested and found 
to be equal to, or slightly (not over 1 or 2 per cent) greater than, 
that of the circuit. If the voltage of the dynamo is less than that 
of the circuit, the current will flow back through it and cause it 
to run as a motor. The direction of rotation is the same, how- 
ever, if it is shunt- wound; and no great harm results from a 
slight difference of potential; but compound-wound machines 
require more careful handling. 

Direct-Current Dynamos in Parallel are always Shunt- 
Wound (or Compound-Wound). The test for equal voltages may be 
made by first measuring the E. M. F. of the circuit and then 
of the machine by one voltmeter; or two voltmeters, one connected 
to each, may be compared (Fig. 18); or a differential voltmeter 
may be used. Another method is to connect the dynamo to the 
circuit through a high resistance and a galvanometer; and when 
the latter indicates no current, it shows that the voltage of the 
dynamo is equal to that of the circuit. A rougher and simpler 
way to do this is to raise the voltage of the dynamo until its 
"pilot-lamp," or other lamp fed by it, is fully as bright as the 
lamps on the circuit, and then to connect the dynamo to the cir- 



MANAGEMENT OP DYNAMO-ELECTRIC MACHINERY 31 

cnit. Of course the lamps compared should be intended for the 
same voltage and in normal condition. Be sure to connect the 
positive terminal of the dynamo to the positive conductor, and 
the negative terminal to the negative conductor (Fig. 18); other- 
wise there will be a very bad short circuit. 

When the dynamo is first connected in this way, it should 
supply only a small amount of current to the circuit (as indicated 
by its ammeter), and its voltage 
should then be gradually raised 
until it generates its proper share 
of the total current; otherwise it 
will cause a sudden jump in the 
brightness of the lamps on the 
circuit. 

Series-Wound Dynamos in 
Parallel Not Used. If the ma- 
chine is series-wound, the back 
current just described would 
cause a reversal of field mag- 
netism and a very bad short cir- 
cuit of double voltage. In fact, 

series dynamos in parallel are in unstable equilibrium, because if 
either tends to generate too little current, its own field, which is 
in series, is weakened, and thus still further reduces its current and 
probably will reverse the machine. This arrangement is therefore 
not used. One way in which this difficulty might be overcome is 
by causing each to excite the other's field magnet, so that if one 
generates too much current, it strengthens the field of the other 
and thus counteracts its own excess of power. 

Another plan is to excite both fields by one machine, or, bet- 
ter, by both machines jointly, which is accomplished by connecting 
together the two + brushes and the two - brushes respectively, by 
the line and by what is called an equalizer (Fig. 19). In this way 
the electrical pressure at the terminals of the two armatures is 
made the same, and the currents in the two fields are also made 
equal. Series machines are not often run in parallel, but the prin- 
ciples just explained help the understanding of the next casa 
which is very important. 




Fig. 18. 
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Compound Dynamos in Parallel. Since the field magnets of 
these machines are wound with series coils as well as with shoot 
coils, the coupling of them is a combination of the shunt and 
series cases just described. 

The manner of connecting two or more compound dynamos to 
operate iu parallel, is represented in Fig. 20, A being the armature, 
B the series, and C the shunt-field coils. It is the shunt-field 
rheostat; 1) and F are switches 
connecting the main terminals 
of the machine with the bus 
bars G and I, respectively; and 
E is a switch to connect the 
equalizer II with the brush end 
of the aeries coil B. 

Assume that machine No. 1 
is already in operation with its 
switches D, F, and E closed, and 
No. 2 thrown in circuit. The 




Fig. 19. 



that it is desired to have niachi 
procedure is as follows: 

Bring machine No. 2 up to its rated speed, and adjust its 
pressure by means of the shunt-Held rheostat until it is a little 
greater (about 1 per cent) than the difference of potential between 
the bars G and I. This fact may be ascertained by comparing two 
voltmeters connected to the dynamo and to the bus bars respec- 
tively; or by means of a single voltmeter connected through a 
double- throw switch, first to one and then to the other, which avoids 
the error due to a difference between two instruments. Another 
plan is to employ a differential voltmeter, that is, one having two 
windings on the movable coil, so that it indicates directly the 
difference in voltage between the two parts of the system. 

After the pressure of the iiiniming dynamo has been prop- 
erly regulated, the three switches E, F, and D are closed in the 
order named. If these points should be closed simultaneously by 
means of a triple-pole switch, a considerable current might flow 
through the series field winding, tending to increase still further 
the voltage of this dynamo, at the svne time taking current away 
from the series coils of the other machines, and thereby reducing 
their potential. The shifting of the load thus produced might be so 
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midden and so great as to be objectionable. This action, however, 
is not of sufficient importance to overbalance the many advantages 
afforded by the use of a switch in which the three are combined 
as a triple-pole switch, thus guarding against the possibility of 
any accident due to closing the wrong circuit first. 

After the machines have been thrown in parallel, their volt- 




Fig. 20. 

ages should be adjusted by the shunt-field rheostats so that the 
load is properly divided between them. 

Compound dynamos of different size or current capacity may 
also be coupled as described, provided, of course, their voltages are 
equal ; and provided also that the resistances of the series field 
coils, together with their leads to the bus bar, are inversely pro- 
portional to the current capacities of the several machines ; that is, 
if a dynamo produces twice as much current, its series coil and 
lead should have half the resistance. It is further necessary that 
the two machines should agree in their action, so that a given in- 
crease in load will produce the same effect upon their voltages. 
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If they are not in agreement, they may be adjusted by slightly in- 
creasing the resistance of the series coil of that machine which 
tends to take too large a share of the load. This may be done by 
simply interposing a few extra feet of conductor of the same cur- 
rent capacity as the series coil, between the latter and the main 
conductor or bus bar. The shunts which are almost always used 
to adjust the effect of the series coils in compound dynamos 
(shown at Z in machine No. 1, Fig. 20), operate properly in the 
case of machines working singly, but are worthless for machines 
in parallel. The res! stances of the series colls themselves must be 
adjusted as explained above, when two or more compound ma- 
chines are run in parallel. The use of iron for this shunt makes 
the compounding effect in the dynamo more uniform, because its 
resistance, rising as the current through it increases, throws a 
greater fraction of the current through the series coils at full load, 
and compensates for the fact that the field magnetism, and conse- 
quently the voltage, does not increase proportionately with the in- 
creasing load current. 

Shunt-wound dynamos run in parallel tend to steady each 
other, for, if one happens to run too fast, it has to do more work, 
which opposes the increase of speed ; and it also takes part of the 
load off the other machines, which makes them run faster, thus 
producing equality. This mutual regulation will take care of any 
slight difference between machines, such as that caused by the slip 
of the belt, or even small differences in the governing action of the 
different engines that may be driving them. Compound -wound 
dynamos have very much less mutual regulation, owing to the 
effect of the series coil ; and it is necessary that their speeds, vol- 
tages, etc., should regulate much more exactly than with simple 
shunt machines. They often work badly together owing to care- 
lessness or to imperfect agreement between them, but with proper 
care and good apparatus they run well in parallel. 

If generators are located at considerable distances from the 
switchboard, the equalizing connection may be run directly from 
one machine to the other with the equalizing switch (E, Fig. 20) 
on the frame of each, instead of running to the switchboard. This 
saves copper, especially in the case of large generators. 

Alternators in Parallel. To run two alternators in parallel, 
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several conditions have to be fulfilled: The incoming machine- 
as in the sea of direct-current machines — must be brought up to 
nearly the same voltage as the first one; it must operate at ex- 
actly the same frequency; and, at the moment of switching in 
parallel, it must be in phase with the first machine. This corre- 
spondence of frequency and phase is called synchronism. 

It is impossible with mechanical speed-measuring instru- 
ments to determine the speed as accurately as is necessary for thi 8 
purpose. There is however, a very simple method of electrically 
determining small differences in speed or frequency. In Fig. 21, 
let M and N represent two single-phase alternators, which can be 
connected by means of the single-pole switch AB. Across the 
terminals of the switch is connected an incandescent lamp L, cap- 
able of standing twice the voltage of either machine. When AB 
is open, the circuit between the 
machines is completed through 
L. The two machines may be 
connected in parallel as follows: 
Assuming machine M already in 
operation, bring up machine N lg ' 

to approximately the proper speed, and voltage; then watch lamp L. 
If machine N is running a very little slower or faster than machine 
M , the lamp L will glow for one moment and be dark the next. At 
the instant when the voltages are equal in pressure and phase, L 
will remain dark; but when the phases are displaced by half a 
period, the lamp will glow at its maximum brilliancy. Since the 
flickering of the lamp is dependent upon the difference in fre- 
quency, the machines should not be thrown in parallel while this 
flickering exists. The prime mover of the incoming machine must 
be brought to the proper speed ; and the nearer machine N ap- 
proaches snychronism, the slower the flickering. When it is very 
slow, we can use the moment the lamp is dark to throw the ma- 
chines in parallel by closing the switch across AB. The machines 
are then in phase, and tend to remain so, since if one slows down 
the other will drive it as a motor. It is be+ter to close the switch 
when the machines are approaching synchronism than when they 
are receding from it, that is, at the instant the lamp becomes dark. 
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Fig. 22. 



This method of synchronizing is open to the following ob- 
jections: 

(a) The lamps may be dark with considerable difference in voltage. 
For instance, a 110-volt lamp is dark with a pressure of 20 to 25 volts. 
(&) The lamp may be dark owing to a broken filament. 

It may thus happen, with this arrangement, that the ma- 
chines are placed in parallel 
while there is a considerable 
difference of voltage or phase 
existing, and an excessive rush 

of current will result. 

A method not open to the 

above objections is shown in 
Fig. 22. The machines to be switched in parallel are each con- 
nected to the bus bars by means of double-pole switches. Two in- 
candescent lamps, of the machine voltage, are cross-connected as 
shown. If the machines are in phase and the voltages generated 
are equal in value, the difference of potential between A and 
a given point is the same as that between A' and the same point; 
likewise B and B' have the same relative potential values. Hence 
a lamp connected between A 
and B' would burn with the 
same brilliancy as if it were 
connected directly across AB; 
likewise with the other lamp. 
If, however, the machines 
happen to be directly opposite 
in phase but to be generating 
voltage of the same value, A 
and B' are of the same relative 
potential value, and B and 
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Fig. 23. 

A' are likewise of the same value; hence lamps cross-connected as 
in Fig. 22 would be dark. At any other phase difference the 
lamps will glow, but not so brightly as when in phase. Hence, 
with this arrangement, the machines should be thrown in parallel 
when the lamps are on the verge of maximum brightness, a con- 
dition readily determined, but not possible with the first method. 
The connections as shown in Figs. 21 and 22 are not directly 
applicable to high-tension working, but require the introdue- 
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Fig. 24. 
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ton of transformers as shown in Fig. 23, which is a modification 

f Fig. 22. The secondaries (of, say, 50 volts each) should be con- 

ected in series with each other and to one 100- volt lamp. When 

lie two machines are opposed in phase, the lamp is dim. If the 

amp flickers badly, the phase is not right; but if the lamp is 

teady at full brightness, the machines are in phase, and they may 

connected without disturbing the circuit, by closing the main 

switch. 

If alternators are rigidly connected to each other or to the 
engine, so that they necessarily 
mn exactly together, there is no 
need of bringing them into step 
each time, but they should be 
adjusted to the same phase in 
the first place. 

The connections of the synch- 
ronizing lamps of a three-phase system are similar to those for a 
single-phase system. For instance, the method employed in 
Fig. 21 may be extended, and lamps connected as in Fig. 24. If 
the three lamps simultaneously become dark or bright, the con- 
nections are correct, and the three switches may be closed at an 
instant of darkness. It may happen, however, that the lamps 
do not become bright or dark simultaneously but successively 
This indicates that the order of connection of the leads of one 
machine does not correspond with that of the other. In this case, 
transpose the leads of one machine until the proper or simultane- 
ous action of the lamps is obtained. After the machines have been 

properly connected, it is suf- 
ficient to synchronize with one 
of the lamps. Similarly, with 
high-tension sytsems, only a 
single-phase transformer is re- 
quired, connected as shown in 
Fig. 25. 

Generators in Series. This 
arrangement is less common 
than parallel working, and does not usually operate so well, ex- 
cept with series-wound machines on arc circuits, which is v 




Fig. 25. 
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successful. The conditions are exactly opposite to those in the 
preceding group — generators in parallel. 

To connect machines in series, the positive terminal of one 
mast of course be connected to the negative terminal of the next, 
and so on. Each must have a current capacity equal to the max- 
imum current on the circuit, but they may differ to any extent in 
E. M. F. The voltages of machines in series are added together; 
and therefore danger to persons, insulation, etc., is increased in 
proportion. 

Series-Wound Direct-Current Dynamos in Series are con- 
nected in the simple way represented in Fig. 26; but, usually 
machines connected in series are for arc lighting — for example, 
when two dyiiamot>, wach of 40 lights capacity, are run on one cir- 
cuit of HO lamps, in which case the dynamos usually have some 




form of regulator. These regulators do not usually work well to- 
gether, because they are apt to "seesaw" with each other. This 
difficulty may be overcome either by connecting the regulators bo 
that tliey work together, or by setting one regulator to give full E. 
SI. 1*\ and letting the other alone control the current. This latter 
plan can lie followed only when the variation in load does not ex- 
ceed the power of one machine. Constant-current dynamos liav- 
ing regulators with little inertia in the moving parts, and thus little 
tendency to "overshoot," such as the Brush machine, can be run 
in series without much trouble. 

Shunt or Compound Dynamos in Series run well, provided 
the shunt-field coils are connected together to form one shunt 
across both machines. If the machines are compound, all of the 
series coils must be connected in series with the main circuit. 
Another plau is to connect each shunt field so that it is fed only 
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ltxy the armature of the other machine ; or both the shunt coils may 
Ise connected so as to be fed by one armature, the series coils being 
in the main circuit as before. 

Alternators in Series. The synchronizing tendency which 
makes it possible to run alternators in parallel, causes them to get 
out of step and become opposed to each other when it is attempted 
*o ran them in series. It is therefore impracticable to run them 
in aeries unless their shafts are rigidly connected so that they must 
run exactly in phase and thus add their waves of current instead 
of counteracting each other. This case rarely occurs. 

Dynamos on the Three-Wire System (Direct-Current)- In 
the ordinary three-wire system 

for incandescent lighting and _^ . — , — 

power service, no particular pre- 1(g) m " I 
cautions are required in starting ^r^fc± — t *1° 
orconnecting the machines; and 1(g) ho- 

either of the two arrangements c_ S*. 1 i 

shown in Figs. 27a and 2~b may pig, 

be adopted. The two sides of the 
system are almost independent of each other, and form practically 
separate circuits, for which the middle or neutral wire acts aB a 
common conductor. There is, however, a tendency for the dyna- 
mos ( Fig. 27t>) to be reversed in 
starting up, in shutting down, or 
in the case of a severe Bhort cir. 
cult. This can be avoided by ex. 
~ „. citing the field coils of all the 

dynamos from one side of the 
system, or from a separate source. To obtain good regulation, it is 
necessary to balance the load equally on both sides of the system. 
It is advisable to employ 220-volt motors on 110-volt 3-wire 
systems, and to connect tbem across the outside conductors so that 
the motor load shall not unbalance the system. 

KINDS OF MOTORS, CONNECTIONS, AND STARTING. 

The general instructions relating to the adjustment of brushes, 
screws, belt, oil-cups, etc., given in relation to the generator, should 
be carefully followed preparatory to starting a motor. Tb 
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starting of a motor is usually a simple matter, since it consists 
merely in operating a switch; but in each case there are one or 
more important points to be considered 

CONSTANT-POTENTIAL D. C. CIRCUITS. 

Shunt- Wound Motor. A motor to operate at nearly constant 
speed, with varying loads, on a D. C. constant-potential system 
(110- or 220- volt lighting circuits) is usually plain shunt- wound. 
This is the commonest form of stationary motor. The field coils 
are wound with wire of such a size as to have the proper resistance 
and resulting magnetizing current; and since the potential applied 
is practically constant, the field strength is constant. 

In starting shunt motors, no trouble is likely to occur in con- 
necting the field to the circuit. The difficulty is with the armature 
current, because the resistance of the armature is very low in 
order to get higher efficiency and constancy of speed, and the rush 
of current through it in starting might be twenty or more times 
the normal number of amperes. To avoid this excessive current, 
motors are started on constant-potential circuits through a rheostat 
or " starting-box " containing resistance coils. 

The main wires are connected through a branch cut-out (with 
safety fuses), and preferably also a double- pole knife switch Q, to 
the motor and box, as indicated in Fig. 28. When the switch Q 
is closed, the arm S being in its left-hand ]x>sition, the field circuit 
is closed through the contact stud f, and the armature circuit is 
closed through the resistance coils a, a, a, which prevent the rush 
of current referred to. The motor then starts, and as the speed 
rises it generates a counter E. M. F., so that the arm S can be 
turned as shown until all the resistance-coils tf , a, a, are cut out, and 
the motor is directly connected to the circuit and running at full 
speed. The arm S should be turned slowly enough to allow the 
speed and counter E. M. F. to come up as the resistances a, a, a 
are cut out. The arm S should positively close the field circuit 
first, so that the magnetism reaches its full strength (which may 
take several seconds) before the armature is connected. 

In the arrangement shown in Fig. 28 the release magnet has 
its coils in series with the field. As long as the motor is in 
operation, the core is energized and the arm S is held in the posi- 



MANAGEMENT OF DYNAMO ELECTRIC MACHINERY 41 



^ion shown. If, however, the current supplied to the motor is 
ut off and the motor comes to rest, the core of the magnet loses 
its attractive force, and the arm S is released, being automatically 
moved back to the starting position by a spring. 

The coils a, a, a are made of comparatively fine wire, which 
can carry the current only for a few seconds in a u starting- box;" 
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Fig. 28. 



but if the wire is large enough to carry the full current continu- 
ously, it is called a " regulator," because the arm S may be left so 
that some of the resistances a, a, a remain in circuit, and they will 
have the effect of reducing the speed of the motor, which is often 
very desirable. 

In some cases where a circuit is used exclusively for a si 
motor, the speed is regulated without heavy resistances Y' 
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the E. M. F. of the dynamo which supplies the circuit. The 
dynamo regulator is then placed near the motor. The advantage 
is that the regulator is not compelled to control B heavy current 
but a special circuit of unvaried pressure must be provided to kt 
the field of the motor constant. 

The speed control of a shunt motor may 1m- simply obtained 
as follows: 

a. For lower Speeds, insert resistance in series with the arointi 
circuit. The resulting I. B. drop reduces the value of the voltage applied 
the armature terminals, and thus reduces the speed. 

h. For higher speeds, insert resistance in the shunt -field circuit. 
reduces (he magnetic flux, and ti> generate the same C. E. II. F. ilie 
must speed up. 



itie 
•uxl 




The field circuit of a shunt motor should never 
while pressure ia still applied to the armature terminals, M 
these conditions the armature current becoD lira and 

the armature la likely to race and probably be damaged. I 
erate decrease in field strength only ia allowaul 

Series-Wound Motor. The ordinary electric railway mob 
on the 550. volt trolley system is the chief exampti 
Motors for fans, pumps, i 
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stre either of this kind or of the compound type. A rush of cur. 
vent tends to occur when the series type of motor is started, similar 
*fto that in the case just described ; but it is less, because 'the field- 
^coils are in series, so that their resistance and self induction reduce 
"the excess. Furthermore, the counter E. M. F. is greater even at 

low speed because the heavy current produces a strong field. 

The connections as indicated in Fig. 30 are very simple, the 

armature, field-coils, and rheostat all being in series and carrying 

the same current. 

The series-wound motor on a constant-potential circuit does 

not have a constant field strength, and does not tend to run at con- 




Armature 
Fig. 30. 

stant speed, like a shunt motor. In fact it may "race "and tear 
itself apart if the load is taken off entirely; it is therefore suited 
only to railway, pump, fan, or other work where variable speed is 
desired, or where there is no danger of the load being removed or 
a belt slipping off. It is also used where the potential is subject 
to sudden and large drops, as on the ends of long trolley circuits, 
because in such a case a shunt motor becomes momentarily a gen- 
erator and sparks very badly. The fields of series motors are 
sometimes "overwound," that is, so wound that they will have 
their full strength with even one-half or one-third of the normal 
current. The objects are to secure a nearly constant speed with 
varying loads, to enable the motor to run at high efficiency when 
drawing small currents, and to prevent sparking at heavy loads. 

In multipolar motors having more than two field-coils, the 
coils are all connected together, and are equivalent to the si) 
pairs of coils shown in the several diagrams. Being 8>~ 
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however, it is sometimes necessary to trace oat the connections. 
Fig. 31 represents the necessary connections for a four-pole motor, 
shunt- wound and series- won nti. 

Differentially-Wound Motor. This is a shunt-wound motor 
with the addition of a coil of large wire, on the field, connected in 
series with the armature in such a way as to oppose the magne- 
tizing effect of the shunt winding and weaken the field, thus 
causing the motor to speed up when the load is increased, as an 
offset to the slowing-down effect of load. 

It was formerly used, for obtaining very constant speed, bnt 
it has been found that a plain shunt motor is sufficiently constant 
for almost all cases. The differential motor, if overloaded, has 




Shout- wound Mi 



Serins- wo ami Motor. 



Fig. 31. 

the great disadvantage that the current in the opposing (series) 
field- coil becomes so great as to kill the field magnetism; and 
instead of increasing or keeping up its speed, the armature slows 
down or stops, and is likely to burn out; whereaa a plain shnnt 
motor can increase its power greatly for a minute or so when over- 
loaded, and will probably throw off the belt or carry the load until 
the latter decreases to the normal amount. 

Com pound- Wound fiotor. This type of motor is also pro- 
vided with a shunt and a series-field winding, Fig. 32, but in this 
instance they magnetize the field in the same direction, or, in other 



MANAGEMENT OF DYNAMO ELECTRIC MACHINERY 45 





:*- :.-**• l 



* ■ * -'■ 



/ * 



:ii-t- 



".■«,- > v -, , *~ *•; " .•* • 



• - 



L. 



// * / i /. * 



• » ,» 

i 

a 



t , / 



■ : ' t •- - - * — -. T A. r 

"... r .-• ... .a.* " .- t"..- C-"T- 

. • :.- -: - '. *:~ . :.:*xi- 

, ; ' • i ■■ - .. -- ... -v."" rx*' 



I... . . ,■..■.■»■,■. . . '■ i',"*.--: fa-v.r. -Ium to t:i»» r.a- 

» i. ... « .1 ■; • •-.'•... • ■/•'.]. :.■■'.'• .*r;. or. a-- --uur.I uf anna 

i> . i . - 

/ i. i ; ' ■ ■ ■ ■■: • ■' • -;-• "i:ii!y ;i» }>r;irTiri£ :m>l with 

i i i ■■ i 1 1, .1 . • i' i. -i i :/ i* ii<- <-i,il j- iri turn short-ciri-iiite'l 

i . i,...i. .i i.< - .!•.< ■ Mm ■■'■.! -,i -ii', iiij'i m<lii'-<"l currents, these reacting 
i. ii, ,,!,> in <ii.i •in u.jr |'ii ii I ir^ii J i ri|f iifi'l H|i;irking. 



MANAGEMENT OF DYNAMO-ELECTRIC MACHINERY 47 



Many attempts have been made to adapt this motor for gen- 
oral nse, as it possesses the valuable features of great starting 
torque and convenient speed control ; but, on account of the high 
frequencies heretofore employed, they have not been successful. 
Recently, however, the Westinghouse Electrical Manufacturing 
Company have been experimenting with a low frequency ("188 




Pig. 34. 
to 25 cycles), and under these conditions the motor gives promise 
of success. 

An ordinary single-phase alternator can be used as a motor; 
but it must first be brought up to synchronism with the supply 
generator by means of some auxiliary starting device (steam engine, 
polyphase induction motor, etc.) before the load can be applied. 
In this form the machine is known as the single-phase synchron- 
ous motor. The condition of synchronism is determined by one 
of the methods described in the paragraph on "Alternators in 
Parallel." After the motor is in synchronism it may be connected 
to the circuit by closing its supply switch; and it will then con-, 
tinue to run at an absolutely constant speed, unless heavily over- 
loaded, when it falls out of step and stops. 

On account of these features, the synchronous motor is uot to 




.« recommended for general application. Varions manufacturers, 
notably the Wagner Electric Company, and the Fort Wayne Elec- 
tric Company, manufacture self -starting, p ingle- phase synchronous 
motors, usually limited, however, to the smaller sizes. The con- 
struction and action of the Fort Wayne motor (Fig. 34), which is a 
combination of the two preceding t\|»s, are as follows: The 
armature core is provided with a double winding, one equipped 
with collecting rings, and the other with an ordinary commutator. 
The field magnet, which is laminated, ia wound with two separate 
circuits, one being of low resistance and a small number of 
turns, the other of high resistance and many turns, like an ordi- 
nary shunt-field winding. In starting, the motor runs as a 
series machine, the low-resist- 
ance field being in series with the 
commutated armature winding 
and the line. When it has 
reached synchronism, the switch 
A, on the top, is thrown over to 
the right, and the supply line 
connected with the collector 
rings and the corresponding ar- 
mature winding; while the com- 
.,. „ mutated end is connected to the 

other field winding, and tints 
provides the direct current necessary for field excitation. 

In addition to the single-phase there is also the ptrfyjtknae *>jn- 
rltvuiHuis motor. This latter form, however, is self -starting without 
field current, but will not carry a load until it is running in Byn- 
chroniwrn. When this condition is reached, the field circuit should 
be closed liefore applying the load. 

A great advantage of the synchronous motor is that when its 
field \ ■■ over-excited, it draws a leading current from the line, thus 
acting like a condenser and tending to neutralize the inductive 
elfect of other machinery, so that the power factor of the whole 
system is raised. The most extensive use of the synchronous motor 
is as a part of the rotary converter, which is employed to ODDTOt 
alternating into direct currents, for traction and electro -chemical 
purposes. 
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The satisfactory use of allernat in g currents for power purposes 
depends mainly on the potgpAam imdue t ion mot'ir, as in this form 
the A. C. motor is self-starting with considerable torque and oper- 
ates at a practically constant speed from no load to a heavy over- 
load. Induction motors are designed for the standard voltages 
and frequencies. 

In most induction motors now built, the primary, or part into 
which the currents from the line are led, is the stationary member, 
or tMor. The secondary, in which the induced currents are eet 
up, is the rotating member, or rotor. There are two kinds of rotor 







Fijr. 30. 



windings, the simpler being that known as the " squirrel .ca°*e. ' 
This winding is made up of a number of copper bars, equally 
spaced around the rotor core, and imbedded therein. The termin- 
als of these inductors are interconnected, or short-circuited, by 
means of heavy copper rings placed at both ends of the core, as 
shown in Fig. 35. 

The other form of winding is of the drum species, usually 
three-phase, Y-connected; and the coils are located at 12(1" inter- 
vals (the arc between centers of adjacent poles being called 180 i 
with respect to each Other. The free ends of the windings are 
respectively brought out to three, slip or collecting rings ; and ou 
this account this type of rotor is frequently called the '• slip- ring" 
rotor (Fig. 36). 

Starting Induction Motors. In small sizes, up to 3 or 5 H. 
P., the induction motor can be started by connecting its stator 
terminals directly to the line. But with larger sizes the inrush 
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rive and likely to disturb the system ; aooord- 
e form of rtntiag device is usually necessary.* 

Starttns; r— jMiiielii This inrush of currant can be 
avoided b j inserting a starting resistance, or inductance, in series 
with the primary winding and the line, or by using some other 
means of cutting down die applied E. M. F. The torque of an 
induction motor decreases as the square of the applied voltage, so 
that this method of starting results in a greatly reduced starting 
effort. However, in many instances, motors are not started up 
under toll load, so that this may not be a serious objection. 

"While a resistance could be employed as described, it is man 
economical to employ an auto- transformer (that is, a transformer 
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having but one coil, which serves as both -a primary and a second- 
ary*, or coNijxrMit»t; ns it is called when used for this purpose 
Compensator connections for a three-phase motor are represented 
in Fig. 37. The compensator consists of coils a. K and «■, wound 
on a laminated -iron core, each coil being provided with a number 
of tape, 1, 2. 3, etc. The pressure applied to the motor at start- 
ing is proportioned to the amount of each coil included in the cir- 
cuit. While the compensator winding is provided with taps, only 
that one which is most suitable for the work is used after the 
equipment is permanently installed. When the switch is in the 
* This inrush of current is frequently three times th* rated load current 
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lower position as indicated, a part of each coil is in series with 
each leg of the system leading to the motor; and the applied volt- 
age is correspondingly cut down. After the motor reaches its rated 
speed, the switch is thrown to the upper or running position, and 
the stator or primary terminals are connected directly to the line. 
The compensator thus prevents an excessive inrush of current, and 
gives the motor a smooth start, although it decreases the starting 
torque, compared with that due to full line pressure. 

Speed Regulation of Induction Motors. For some classes 
of work, it is desirable to have induction motors arranged so that 
tieir speed can be controlled, the usual methods being : 

a. The insertion of a variable resistance in the rotor circuit. 

b. Cutting down the voltage applied to the stator, as just described. 





Fig. 38. 

The more satisfactory method of speed control, is that with 
"Variable resistance inserted in the rotor circuit, the power-factor 
^nd hence the efficiency of the system l>eing greater at reduced 
speeds than with the compensator or equivalent device. It 
Requires, however, the use of collector rings, connecting brushes, 
«md leads, since a resistance for continuous service is too bulky to 
be placed within the machine. Still further, the heat developed in 
the resistance would heat the machine too much. The controller 
itself looks like an ordinary trolley car controller, but for simplicity 
it is represented as a three-armed controller (Fig. 38) in which the 
arms a, b 9 and c are in electrical contact under the handle. The 
resistance is provided in three sets, one for each free end of the 
rotor winding; and each set is subdivided so that it can be grad- 
ually cut out of circuit as the motor speed increases. Frequently 
the controller is so arranged that the first motion of the handle 
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closes the supply lines, and subsequent motions vary the resist- 
ances in the rotor circuit, thus performing the function of a 
supply switch and speed controller. 

Another method of speed control, is to have the winding on 
the stator arranged so that by means of a suitable controlling 
switch, the number of poles can be changed. This is a very 
economical method from the electrical standpoint, and gives a very 
wide range of control, but, on account of its complexity and cost, 
is used only to a limited extent. 

In general, the induction motor does not allow of the same 
range of speed control as does the direct -current motor, and the 
methods employed for this purpose are not efficient. 

Single- Phase Induction 
Motor. A two or three-phase 
induction motor will operate 
fairly well, if, after reaching 
full speed, all but one of the 
phases be cut out. It will not 
B however start from rest under 
the influence of single-phase 
excitation. Hence, to start 
an induction motor from the 
lines of a single- phase sys- 
tern, currents differing in 
phase must In* obtained. This is accomplished by connecting the 
two primary windings A and 1> (in the case of a two-phase motor) 
in jmrallel to the single -phase mains, at the same time connecting 
in series with one winding a resistance It (Fig. 39). The cur- 
rents flowing through these two windings will then differ in 
phase, one leading the other on account of a difference in their 
constants, and will thus produce a rotating field, and the motor 
will then start up.* "When the motor has reached full speed, 
one phase may be cut out by opening the switch at S, and the 
machine will carry its load. The resistance K may be replaced 
to advantage by a condenser, esmxMally on small machines. Such 
a machine is commonly called a "split-phase" motor. 

* This field is not n rotary field in the full sense, being elliptical in 
character. 




KiK. :a>. 



MANAGEMENT OF DYNAMOELECTRIC MACHINERY 53 



DIRECTIONS FOR RUKNViG GENERATORS AND MOTORS. 

After any one of these machines has been properly started, it 
^usually requires little attention while running: ia fact, generators 
*dt motors frequently operate all day without any can? whatever. 

In the case of a machine that has tot :**m run Wfore or has 
\)een changed in anv way, it is wise to watch it closely at first: It 
is also well to give the bearings of a new machine plenty of oil at 
:first, but not enough to run on the armature, commutator, or any 
^|>art that would be injured by k; aiid to run the l*-lt .if used i 
xather slack until the hearing's and Wt art** in easy working condi- 
tion. 

If possible, a new machine should l«e run without load or 
"with a light one for an hour or two. or for several hours in case of a 
large machine; and it is had practice to start a new machine with 
its full load or even a large fraction of it. This is true even if the 
machine has been fully tested by its manufacturer and is in iierfect 
condition, because there may be some fault in setting it up or some 
other circumstance that would cause trouble. All machinery re- 
quires some adjustment and care for a certain time to get it into 
smooth working order. 

When this condition is reached the only attention required is 
to supply oil when needed, keep the machine clean, and set* that it 
is not overloaded. A generator requires that its voltage or current 
should be observed and regulated if it varies. The attendant should 
always be ready and sure to detect the beginning of any trouble, 
such as sparking, heating, noise, abnormally high or low speed, 
etc., before any injury is caused, and to overcome it. Such direc- 
tions should be pretty thoroughly committed to memory in order 
promptly to detect and remedy any trouble when it occurs sud- 
denly, as is usually the case. If possible, the machine should be 
shut down instantly when any indication of trouble appears, in 
order to avoid injury and give time for examination. 

Keep all tools or pieces of iron or steel away from the ma- 
chine while running, as they might be drawn in by the magnetism, 
perhaps getting between the armature and pole pieces and ruining 
the machine. For this reason use a zinc, brass, or copper oil-can 
instead of one of iron or " tin " (tinned iron) 
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Particular attention and care should be given to the commu- 
tator and brushes, to see that the former keeps perfectly smooth 
and that the latter are in proper adjustment. (See "Sparking.") 

Never lift a brush while the machine is delivering current 
unless there are one or more other brushes on the same side to carry 
the current, as the spark might make a bad burnt spot on the com- 
mutator, or might burn the hand. 

Touch the l>earings and field coils occasionally to see whether 
or not they are hot. To determine whether the armature is run- 
ning hot, place the hand in the current of air thrown out from it 
by centrifugal force. 

Special care should be observed by any one who runs a gen 
erator or motor, to avotd overloading it, localise this is the cause 
of most of the troubles which occur. 

Personal Safety. Never allow the body to form part of a 
circuit. While handling a conductor, a second contact may be 
made accidentally through the feet, hands, knees, or other part of 
the body, in some peculiar and unexpected manner. For example, 
men have been killed because they touched a "live" wire while 
standing or sitting upon a conducting body. 

Rubber gloves or rubber shoes, or both, should be used in 
handling circuits of over 500 volts.* The safest plan is not to 
touch any conductor while the current is on: and it should be re- 
membered that the current may be present when not expected, 
owing to an accidental contact with some other wire or to a change 
of connections. Tools with insulated handles, or a dry stick of 
wood, should be used instead of the bare hand. 

The rule to use only one hand when handling dangerous elec- 
trical conductors or apparatus is a very good one, because it avoids 
the chance, which is very great, of making contacts with both 
hands and getting the current through the body. This rule is 
often made still more definite by saying, "Keep one hand in 
your pocket,-' in order to make sure not to use it. The above pre- 
cautions are often totally disregarded, particularly by those who 
have become careless through familiarity with dangerous currents. 
The result has been that a/ most all persons accidentally killed 

* These articles should be subjected to tests at frequent intervals, eo 
us to determine tbeir condition. 
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by artificial electricity have been experienced linemen or station 
men. 

Stopping Generators or Motors- This is accomplished by 
following substantially the same directions as for starting them, 
but in the reverse order. 

A generator operating alone on a circuit can be slowed down 
and stopped without touching the switches, brushes, etc., in which 
case the current gradually decreases to zero; and then the con- 
nections can be opened without sparking or any other difficulty. 

However, when a generator is oj>erating in parallel with 
others, or with a storage battery, it must not be stopped or reduced 
in speed, until it is entirely disconnected from the system, other- 
wise it will act as a short circuit. Furthermore, the current 
generated by it should be reduced nearly to zero before its switch 
is opened. This is accomplished by adjusting the field rheostat of 
the machine to be cut out, great care being taken that the change 
is gradual. If the reduction be rapid, the voltage of the machine 
may drop so low as to cause a back current to flow. 

A constant-current generator may be cut into or out of 
circuit in series with others, and can be slowed down or stopped; 
or its armature or field coils may be short-circuited to prevent the 
action of the machine, without disconnecting it from the circuit* 
It is absolutely necessary , however, to preserve the continuity of 
the circuit, and not to attempt to open it at any point, as this would 
produce a dangerous arc. Hence a by-path must be provided by 
closing the main circuit around the generator, before disconnect- 
ing it. This same rule applies to any lamp, motor, or other device 
on a constant-current system. 

Never, except in an emergency, should any circuit be opened 
when heavily loaded, for the reason that the flash at the contact 
points, discharge of magnetism, and mechanical shock which result, 
are decidedly objectionable. 

A Constant-Potential Hotor is stopped by turning the start- 
ing-box handle back to the position it had before starting (Fig. 28); 
or, if there is a switch Q y connecting the motor to the circuity 
as there always should be, it should be opened, after which the 
starting-box handle is moved back to be ready for starting again. 
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Immediately after a machine is stopped, it should be thor- 
oughly cleaned, and put in condition for the next run. When not 
in use, machines should, when feasible, be protected from dirt and 
moisture by covers of some waterproof material. 

INSPECTING AND TESTING. 

Adjustment and the other points which depend merely upon 
mchanical construction, are hardly capable of being investigated by 
a regular quantitative test, but they can and should be determined 
by thorough inspection. In fact a very»careful examination of all 
parts of a machine should always precede any test of it. This 
should be done for two reasons: first, to get the machine into 
proper condition for a fair test; and, second, to determine whether 
the materials and work man ship are of the best quality and satis- 
factory in every respect. A loose screw or connection might inter- 
fere with a good test; and a poorly fitting bearing, brush-holder, or 
other part might show that the machine was badly made. 

If it is necessary to take the machine apart for cleaning or in- 
spection, the greatest care should be exercised in marking, number- 
ing, and placing the parts, in order to be sure to get them together 
exactly the same as before. In taking a machine apart or putting 

it together, only the minimum force should be used. Much force 
usually means that something wrong is being done. A wooden or raw- 
hide mallet is preferable to an iron hammer, since it does not bruise 
or mar the parts. Usually screws, nuts, and other parts should 
be set up fairly tight, but not tight enough to run any risk of 
breaking or straining anything. Shaking or trying each screw or 
other part with a wrench or screw -driver, will show whether any of 
them are too loose or otherwise out of adjustment. 

Friction. The friction of the bearings and brushes can be 
tested roughly by merely revolving the armature by hand, or 
slowly by power, and noting if it requires more than the normal 
amount of force. Excessive friction is quite easily distinguished, 
even by inexperienced persons. Another method is to revolve the 
armature by hand or otherwise, and see if it continues to revolve 
by itself freely for some time. A well-made machine in good con- 
dition and running at or near full sjyeed, will continue to run for 
several minutes after the turning force is removed. 
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A method for actually measuring the friction consists in at- 
taching a lever (a bar of wood, for example) to the shaft or pulley 
at right angles to it. The force required to overcome the friction 
and to turn the armature without current, is then determined by 
known weights or, more conveniently, by an ordinary spring 
balance. For convenience in dividing by the length of the lever, 
etc., to determine the value of the friction compared with the power 
of the machine, it should be exactly 1, 2, or 4 feet long. The 
friction of the bearings alone — that is, the pull which is required 
to turn the armature when the brushes are lifted off the commu- 
tator — should not exceed about 2 per cent of the total torque or 
turning force of the machine at full load. "When the brushes 
are in contact with the commutator with the usual pressure, the 
friction should not then exceed about 3 per cent; that is, the 
brushes themselves should not consume more than 1 per cent of 
the total turning force. 

Another method of measuring the friction of a machine is to 
run it by another machine used as a motor, and determine the 
volts and amperes required, first, with brushes lifted off, and second* 
with brushes on the commutator with the usual pressure. The 
torque or force exerted by the driving machine is afterwards 
measured by a Prony brake in the manner described hereafter for 
testing torque, care being taken to make the Prony brake meas- 
urements at exactly the same volts and amperes as were required 
in the friction tests. In this way the torques exerted by the driv- 
ing machine to overcome friction in each of the first two tests are 
determined; and these torques, compared with the total torque of 
the machine being tested, should give percentages not exceeding 
those stated above for maximum values of friction. The magnetic 
pull of the field on the armature may be very great if the latter is 
not exactly in the center of the space between the pole pieces. 
This would have the effect of increasing the friction of the shaft 
in the bearings when the field is magnetized. It occurs to a cer- 
tain extent in all cases, but it should be corrected if it becomes 
excessive. This may be tested by turning the current into the 
fields, being sure to leave the armature disconnected, and then turn- 
ing the shaft with the lever as before. The friction in this case 
should not be more than 2 to 4 per cent, 
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Tests for friction alone should be made at a low speed, 
cause at high speeds the effects of Foucanlt currents and hysteresi 
enter and materially increase the apparent friction. 

Balance. The perfection of balance of the armature o 
pulley can be roughly tested by simply running the machine a 
normal speed and noting if these parts cause any objectionabl 
vibration. Of course, practically every machine produces percept 
ible vibration when running, but this should not amount to mo 

than a very slight trembling. The balance of a ma 
chine can be definitely tested, and the extent of th 
vibration measured, by suspending the machine o; 
by mounting it on wheels, and running it at ful 
speed. In this case it is better to run the machin 
as a motor, even though it be actually a generator, 
in order to avoid the necessity of running it by a 
belt, which would cause vibration and interfere 
with the test. If, however, the use of a belt is 
unavoidable, it should be arranged to run vertically 
upward or downward so as not to produce any hori- 
zontal motion in addition to the vibration of the 
machine itself. Fig. 40 shows a machine hung up 
to l>e tested for balance, and run either as a motor 
or by the vertical l>elt indicated by the dotted lines. 
Any lack of balance will cause the machine to vi- 
brate or swing horizontally, and this motion can be 

measured on a fixed scale. 
Fig. 40. 

Noise. This cannot well be tested quantita- 
tively, although it is very desirable that a machine should make 
as little noise as possible. Noise is produced by various causes. 
The machine should be run at full speed, and any noise and its 
cause carefully noted. A machine — especially the commutator — 
will nearly always run more quietly after it has been in use a week 
or more and has worn smooth. 

Heating. The proper way to determine the temperature rise 
in electrical apparatus is by measurements of resistance, before 
and after operating for a specified time ^usually 3 to 4 hours) under 
uted load. 
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The rise of temperature is : 

e= (238.1 + f)((*±ta.-i), 

in which t is the room temperature in degrees Centigrade, R, the 
resistance in ohms at room temperature, and (It 1 4.9) the final re- 
sistance at a temperature elevation of ° C. The standard room 
temperature is 25° C; and if it differs from this, the determined 
rise should be corrected by + £ per cent for each degree C. For 
ordinary tests it may be assumed that the resistance of copper in- 
creases .4 per cent for each degree C rise in temperature. The 
allowable rise in temperature for field or armature windings is 
50° C, hence their resistance for continuous operation at rated 
load should not be more than 20 per cent in excess of the room 
temperature. The heating of commutators, collector rings, and 
brushes that cannot be measured electrically, is tested by thermom- 
eters when the machine is stopped, the permissible rise being 50° 
C; and for bearings and other parts of machines the limit is 40° C. 
When a thermometer is applied to a surface it should be covered 
by a pad of cotton or waste cloth, in a shallow, circular box about 
1£ inches in diameter. A large pad tends to accumulate heat. 
When machines are in operation, or in other cases when it is not 
convenient to measure resistances, especially for excessive temper 
atures due to abnormal conditions, thermometers may be used to 
test all stationary parts; but it should be noted that their indica- 
tions are usually about 5° C lower than those determined by 
resistances, because the surface is cooler than the interior. A very 
simple test of heating is to apply the hand to the armature, etc., and 
if it can be held there without great discomfort, the temperature 
is not dangerous. Allowance should always be made, however, 
for the fact that, on account of its heat conductivity, bare metal 
feels very much hotter than cotton -covered wires, cloth, etc., at 
the same actual temperatures; but this apparent difference is much 
less if the hand is kept on for 10 to 20 seconds. 

Sparking at the commutator cannot be accurately measured; 
but it is very objectionable, and in a machine in good order 
should be hardly perceptible. In any test one should observe 
carefully whether the sparking is excessive or not; and if so, to 
what it is due. 
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An approach to measurement may be made by starting 
a lightly loaded machine and gradually increasing the load, mean- 
while shifting the rocker-arm and brushes back and forth, and 
noting at what load it is impossible to find a non-sparking point. 
In machines the brushes must be shifted to follow the armature 
reaction as the load increases; but one should always be able to 
find a place where sparking ceases, within the rated load. In fact, 
a machine should be able to run with 25 per cent overload 
before sparking is serious. If a machine begins to spark at 50 per 
cent of its load, it is clearly only half as useful as it might be, 
and this may be taken in a sense as a measure of sparking. 
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MANAGEMENT OF DYNAMO- 
ELECTRIC MACHINERY. 



PART II 



ELECTRICAL RESISTANCE. 

Among the most important tests which it is necessary to 
make in connection with Dynamo-Electric Machinery are those for 
resistance. 

There are two principal classes of resistance tests that must 
be made in connection with generators and motors. First, the 
resistance of the wires or conductors themselves, called the metallic 
resistance ; and, second, the resistance of the insulation of the 
wires, known as the insulation resistance. The latter should 
always be as high as possible, because a low insulation resistance 
not only allows current to leak, but also causes " burn-outs " and 
other accidents.. Metallic resistance, such, for example, as the 
resistance of the armature or field coils, is commonly tested either 
by the Wheatstone bridge or by the "drop" (fall-of-potential) 
method. 

The Wheatstone Bridge is simply a number of branch cir- 
cuits connected as indicated in 
Fig. 41. A, B, and C are resis- 
tances the values of which are 
known. X is the resistance 
which is being measured. G is 
a galvanometer, S its key, and 
E is a battery of one or two 
cells controlled by a key K, all 
being connected as shown. The 
resistance C is varied until the 
£' galvanometer shows no deflec- 

tion, when the keys K and S are closed in the order named. If 
the key S should be closed before K, or at the same moment, the 




inductive effect would produce a pronounced deflection of tin 
galvanometer needle, and thus probably cause confusion. Tht 

value of the resistance X is then found by multiplying together 
resistances C and B, and dividing by A; that is, 
X _ C X B , 



A very convenient form of this apparatus is what is known a3 
tin- portable bridge (I*'ig- 42). Una consists of a box containing 
the three sets of known resistances. A, B, and C, controlled by 
pings; also the galvanometer <i. and keys K and S, all conn 





Kg. 4-1. 

in the proper way. In some cases further convenience is s 
by including the battery E in the b >\; but ordinarily this i 
done, and it is necessary to connect one or two cells of battery i 
a pair of binding- posts placed on the \v.ix. for that purpose. 
sistances from fa ohm to 100,O!)0 ohms can be conveniently a 
accurately measured by the Wheats tone bridge. Below r ' ff oh in t 
resistances of the contacts in the binding-posts and plugs a 
to cause errors, and therefore special bridges provided with i 
ctiry contact cups are used. In fact, in measuring any n 
care should be taken to make the connections clean and tighi 
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lie ordinary bridge will not measure above 100,000 ohms, be- 
cause, if the resistance in the arm B is 100 ohms, 1 ohm in A, and 
J.,000 ohms in C, then X is 100,000. Sometimes the arms A and 
IB are provided with 1,000-ohm coils in addition to the usual 1-, 
HO- and 100- ohm coils; or sometimes the arm O contains more 
than 1,000 ohms in all; in either case the range will be corre- 
spond ingly increased. 

It should be observed, however, that the use of ratios of 1,000: 

I, or even 100: 1, is not desirable, since they are likely to multiply 
any error due to contact resistances, etc. In fact, it is usually bet- 
ter to have the four resistances not very widely different in value; 
that is, no one of them should be more than ten times greater 
than any other except when very high or very low resistances are 
to be measured. The Wheatstone bridge may be used for testing 
the resistances of almost any field coils that are found in practice. 
Shunt fields for 110- volt machines usually vary from about 100 or 
200 ohms in a l-II. P. machine to about 5 to 20 ohms in a 100- 
H. P. machine. If the voltage is higher or lower than 110, these 
resistances vary as the square of the voltage. Series fields for arc- 
circuit dynamos vary from about 1 to 20 ohms. In measuring 
field resistances with the bridgeware must be taken to wait a con- 
siderable time after pressing the battery key, before pressing the 
galvanometer key, in order to allow time for the self-induction of 
the magnets to disappear. 

The bridge may be used also for testing the armature resis- 
tance of some machines. But 110-volt shunt machines above 10 

II. P. usually have resistances less than T Vj- ohm, which is below 
the range of the ordinary bridge, as already stated. For higher 
or lower voltages the resistance is proportional to the square of the 
voltage. Arc machines have armatures of about 1 to 20 ohms 
resistance, and are therefore easily tested by the bridge. 

The Drop (or Fall-of-Potential ) Method is well adapted for 
locating faults quickly, and for testing the armature resistance of 
most generators and motors, or the resistance of contact between 
commutator and brushes, or other resistances which are usually 
only a few hundredths or even thousandths of an ohm. This 
consists in passing a current through the armature and connections 
and a known resistance (of, say, T J ¥ ohm), all connected in series, 
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as represented in Fig. 43. The "drop" or fall of potential in the 
armature and that in the known resistance are compared by con- 
necting a voltmeter first to the terminals of the known resistance 
(marked 1 and 2), and then to various other points on the circuit, 
as indicated by the dotted voltmeter terminals at M, N, O, Q, E, 
and S, so as to include successively each part to be tested. The 
deflections in all cases are directly proportional to the resistances 
included between the points touched by the terminals. The 
current needed depends upon the resistance of the circuit and the 
sensitiveness of the voltmeter. A bank of lamps or a liquid 
resistance is used for limiting the current. Instead of using a 
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Fig. 43. 

known resistance, an ammeter may be inserted in series with the 
resistance to be tested, the latter being then determined by Ohm's 
law 7 , viz.. If E is the voltmeter deflection, and I represents the 

E 

amperes flowing, the resistance of the part under test is II = — 

A "station" or a portable voltmeter may be used for the 
readings, and its terminals may be held in the hands, or they may 
1x3 conveniently arranged to project from an insulating handle like 
a tw T o-pronged fork. Usually 10 to 100 amperes and a low-read. 
ing voltmeter are needed for low resistances. 

It is well to start with a small testing current, and increase it 
until a good deflection is obtained on the voltmeter.. If a current 
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of several amperes cannot be had, a few cells of storage battery 
or some strong primary battery, such as a Bunsen, bichromate, or 
plunge battery, can be used with a galvanometer or low-reading 
voltmeter. 

The diagram indicates the testing of a machine with series 
fields. Shunt fields must be connected directly to the line on 
account of their high resistance; while the armature can l>e con- 
nected as here shown, without being allowed to revolve. 

This drop method of testing is also very useful in locating 
any fault. The two wires leading from the voltmeter are applied 
to any two points of the circuit, as indicated by the dotted lines 
- — for instance, to two adjacent commutator segments, or to a 
brush tip and the commutator; any break or poor contact will be 
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4 



Battery 



gjp Generator 
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Sna/f 



■7-7- 



2 



Fig. 44. 

indicated immediately by the deflection being larger than at some 
other similar part. This shows that the fault is between the two 
points to which the wires are applied. Thus, by moving these 
along on the circuit, the exact location of any irregularity, such as 
a bad contact, short circuit, or extra resistance, can be found. 

The insulation resistance of a generator or motor, that is, 
the resistance between its wires and its frame, should be sufficient- 
ly high bo that not more than one-millionth of its rated current 
will pass through it at normal voltage, and it is well to have it 
still higher. It is therefore beyond the range of ordinary Wheat- 
stone-bridge tests; but two good methods are applicable — the 
"direct-deflection " and the voltmeter method. 

The Direct-Deflection Method is carried out by connecting a 
sensitive galvanometer, such as a Thomson high-resistance reflect- 
ing galvanometer, in series w T ith a known high resistance, usually 
a 100,000-ohm rheostat, a battery, and keys, as shown in Fig. 
The galvanometer should be shunted with the 9 -J- s coiJ " 
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shunt, so that only |§ l >t of the current puses through the gal- 
vanometer, the machine being entirely disconnected. The keys A 
and B are closed and the steady deflection noted. It is well to 
use but one cell of the battery at first, and then increase the nam* 
ber if necessary until a considerable deflection is obtained. The 
circuit is then opened at the key B, and connected by wires to the 
binding- poet or commutator and to the frame or shaft of the ma- 
chine, as indicated by dotted lines, so that the machine insolation 
resistance is included directly in the circuit with the galvanometer 
and battery. The key A is then closed and the deflection noted. 
Probably there will be little or no deflection, on account of the 
high insulation resistance; and the shunt is changed to -j^, •}, or 
left out entirely if little deflection is obtained. In changing the 
shunt, the key should always be open, otherwise the full current is 
thrown on the galvanometer. The insulation is then calculated by 
the formula: 

Insulation resistance = 5 , 

a ' 

in which D is the first deflection without the machine being con- 
nected, and d the deflection with the machine insulation in the cir- 
cuit, R the known high resistance, and S the ratio of the shunt. 

That is, if the shunt is 7 J f in the first test, and \ in the second, 
then S is 100; and if the shunt is out entirely in the second test, 
S is UXH). It is safer to leave the high resistance in circuit in 
the second test, to protect the galvanometer in case the insulation 
resistance is low. Therefore this resistance must be subtracted 
from the result to obtain the insulation of the machine itself. 

By the above method it is possible to measure 100 megohms 
or even more. The wires and connections should be carefully 
arranged to avoid any possibility of contact or leakage, which, 
would spoil the test. If no deflection is obtained, place one finger 
on the frame and one on the binding-post of the machine, whicV^ 
makes enough leakage to affect the galvanometer and show th^^l 
the connections are right, thus proving that any poor insulati 
will be indicated if it exists. 

The Voltmeter Test for Insulation Resistance requires 
sensitive high -resistance voltmeter, such as the Weston. Ti 
for example, the 150- volt instrument, Fig. 45, which usually 
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rat 15,000 ohma resistance. (A certificate of the exact resist- 
» is pasted inside each case.) Apply it to some circnit or 
tery, and measure the voltage. This should be as high aa 
,sible — say, 100 volts. The insulation resistance of the machine 
then connected into the cir- 
t, as indicated in Fig. 40. 
e deflection of the voltmeter 
less than before, in proportion 

the value of the insulation 
i stance. 
The insulation is then found 

the equation : 

DxH „ 
rotation resistance = - — .— -1C, _ 

which D is the first and ,1 FiR ' ir> ' 

i second deflection, and It the resistance of the voltmeter. If 
i circnit is 100 volts, D is 100; and if '/, the deflection through 
» insulation resistance of the machine, is 1 division, the insula- 
n is 1,485,000 ohms. Permanent marks indicating amounts of 
mlation may be put on the voltmeter scale. When making 
tasurements, the voltage should be the same as that employed in 
sparing this scale (say, 115 volts I. To calculate the scale use 
is formula: 




which X is the insulation resistance (1 megohm, \ megohm, 
;.), and '/ is the number of volts, opposite which the eorrespond- 
a; graduation is to be placed to form the new scale. This method 
es not test very high resistances; but if little or no deflection is 
tained through the insulation resistance, it shows that the latter 

at least several megohms — which is high enough for moat 
actical purposes. 

The ordinary magneto-electric bell may be used to test insu- 
;ion by simply connecting one terminal to the binding-post of 
e machine, and the other to the frame or shaft. 

A magneto bell is rated to ring from 10,000 to 30,000 ohme- 
d if it does not ring, it shows that the insulation is more 
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that amount. This limit is altogether too law far proper insola- 
tion in any ease; and therefore this test is rough, and really shows 
only whether or not the insolation is Tory poor or the machine 
actually grounded. 

The magneto is also used for a continuity n tests, to deter- 
mine whether a circuit is complete, by sfinply connecting the two 
terminals of the magneto to those of the circuit. If the bell can 
be rung, it shows that the circuit is complete; if not, it indicates a 
break. An ordinary electric bell and cell of battery can be used 
in place of the magneto. 

The insulation of a machine should always be tested for 
disruptive strength, with a current of at least double the normal 
working pressure, to see if it will u break down w or be punctured 
by the current. A transformer motor-dynamo wound to give high 
voltage is convenient for this. 
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Fig. 46. 

Tests of the resistances of generators or motors should prop- 
perly be made when the machines are as warm as they get when 
running continuously at full load. This increases the resistance 
of conductors and decreases the insulation resistance, but it gives 
the actual working values. 

Voltage. Instruments for measuring voltage (known as 
voltmeters) are in nearly all cases galvanometers of practically 
constant resistance. Through them flow currents which are 
directly proportional to the impressed voltages. A pointer con- 
nected to the moving part deflects over a graduated scale. A 
voltmeter should have as high a resistance as possible — at least 
several thousand ohms — in order not to take too much current, 
which might lower its reading on high-resistance circuit or con- 
sume too much power. It should not be affected by the magnet- 
ism of a generator or motor at any distance over a few feet. 
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The voltage of any machine or circuit is tested by merely 

^ronnecting the two binding-poets or terminals of the voltmeter to 

*£he two terminals or conductors of the machine or circuit. To 

^et the external voltage of a generator or motor, the voltmeter is 

^usually applied to the two main binding- posts or brushes of the 

machine. This external voltage is what a generator supplies to 

the circuit. It is also called the pole difference of potential or 

terminal voltage, and is the actual figure upon which calculations 

of the efficiency, capacity, etc.. of any machine are based. 

A generator for constant-potential circuits should, of course, 
give as nearly as possible a constant voltage. A plain shunt 
machine usually falls from 5 to 15 per cent in voltage when its 
current is varied from nothing to full load. This is due to the 
I R drop caused by the resistance of the armature circuit, which 
in turn weakens the field current and magnetism ; armature 
reaction usually occurs also, and still further lowers the external 
voltage. This variation is undesirable, and is usually avoided by 
regulating the field magnetism (varying the resistance in the field 
circuit) or by the use of compound -wound generators. A com- 
pound-wound dynamo should not fall appreciably from no load to 
full load ; in ^act, if it is " over-compounded '' it should rise 5 per 
cent or more in voltage to make up for loss on the wiring. 

The voltage of a constant-current generator is not important. 
The current should be carefully measured by an ammeter, but little 
attention is paid to the voltage in practical working; in fact, it 
changes constantly with variations in the load. But it is necessary, 
of course, to measure it in making efficiency or other exact tests. 

A simple and fairly accurate method of measuring voltage is 
by means of ordinary incandescent lamps. A little practice 
enables one to tell whether a lamp has its proj>er voltage and 
brightness. In this way it is easy to tell if the voltage is even one 
or two per cent above or below the normal point. Voltages less 
than the ordinary can be tested by using low-voltage lamps or by 
estimating the brightness of high -voltage lamps. For example, a 
lamp begins to show a very dull red at one-third and a bright red 
at one-half its full voltage. Voltages higher than that of one 
lamp can be^tested by using lamps in series. Thus 1,000 volts 
can be measured by using 10 lamps in series, and so on. 
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Current. Thin is measured by an ammeter (Fig. 47), which 
is usually cheaper than a voltmeter because it contains a com- 
paratively small amount of wire. In testing the current of a 
generator or motor, it is necessary only to connect an ammeter, of 
the proper range, in series with the machine to be tested, so that 
the whole current passes through the instrument or its shunt. 
To test the current in the armature or the field alone, the ammeter 
is connected in aeries with the particular part. To avoid mistakes 
in. the case of a shunt-wound generator, it is well to open the 
external circuit, entirely in testing the current used in the field 
coils ; for the same reason the 
brushes of a shunt motor should 
be raised before testing the cur- 
rent taken by the field.* In a 
constant-current or series-wound 
dynamo, the same current flows 
through all parts of the machine 
and the circuit; consequently the 
measurement of current is very 
simple. 

If an ammeter cannot be had, 
current can be measured by 
inserting a known resistance in the circuit and measuring. the 
difference of [>otential between its ends. The volts thus indicated, 
divided by the resistance in ohms, gives the number of amperes 
flowing. If a known resistance is not at hand, the resistance of a 
part of the wire forming the circuit can be obtained from its 
diameter measured with a screw caliper or a wire gauge, by 
referring to any of the tables of resistances of wires; or the 
resistance can be measured by a Wheats tone bridge ( Fig. 42), or 
by putting an ammeter, when one can be spared, into the circuit, 
while the voltmeter is connected. The volts divided by the 
amperes gives the resistance in ohms between the points to which 
the voltmeter is connected. Two connections can lie attached 
permanently to two points on the circuit, and an ammeter teni- 




Pfe- 47. 



* These instructions arc to be followed when only one ammeter is to be 
had.; otherwise one could be placed in the Geld circuit, and another in the 
circuit from the starting box to the independent armature b 
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pxtrarily inserted, and for every reading of the ammeter the 

Corresponding reading of the voltmeter attached to these con- 

■^sections may be noted. Then, by keeping a list of these readings, 

the amperes can be found at any future time, by connecting the 

"voltmeter to the two permanent contacts. This preliminary use of 

*:he ammeter amounts to measuring the resistance between the two 

contacts, and allows- for the increase of resistance when the current 

»nd heating increase. In any case it is convenient to use a length 

of wire, or a distance between contacts, which will give an even 

amount of resistance, say, 1-10 or 1-100 ohm. And, as with large 

current the resistance will be fractional, care must be taken to 

avoid errors in multiplying, etc. 

In testing the output of a generator, it is often quite a prob. 
lem to dispose of the current produced. A bank of lamps, for 




example, to use the whole current generated 1 
volts and 1,000 amperes, would be v 
number of resistance- boxes for the purpose would also be very 
costly. The best way is to drive the generator by a motor, and con- 
nect it up in parallel with the line. In this way moat of the power 
is returned instead of being wasted. If a motor cannot be had, the 
simplest and cheapest way to consume a large current is to place 
two plates of iron in a common tub or trough tilled with a weak 
solution of carbonate of soda (common washing soda), which is 
better than almost any other solution because it neither gives off 
fumes nor eats the electrodes. The main conductors are connected 
to the two plates, respectively, and the current pusses through the 
solution. The resistance and current are regulated by varying the 
distance between the plates, the depth they are immersed in the 
liquid, and the strength of the solution. The energy may be suf - 
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ficieut to boil the liquid, but this does no harm. Three to ten 
amperes per square inch of active surface of plate may be allowed. 

Speed. This is usually measured by the well-known speed 
counter (Fig. 48), consisting of a small spindle which tarns a 
wheel one tooth each time it revolves. The point of tlie spindle 
is held against the center of the shaft of the generator or motor 
for a certain time, say, one minute or one-half minute, and the 
number of revolutions is read off from the position of the wheel. 

Another instrument for testing the number of revolutions 
per minute is the tachometer. The stationary form of this instru- 
ment is shown in Fig. 49. It must be belted by a string, tape, or 




Fir. 49. 



light leather belt to the machine the speed of which is to be tested. 
If the sizes of the pulleys are not the same, their speeds are 
inversely proportional to their diameters. The portable form of 
this instrument (Fig. 50) is applied directly to the end of the 
shaft of the machine, like the speed counter. The tip can be 
slipped upon either one of the three spindles, which are geared 
together, according as the speed \z near 500, 1,000, or 2,000 revo- 
lutions. These instruments possess the great advantage over the 
speed counter that they instantly point on the dial to the proper 
speed, and they do not require to l>e timed for a certain period. 

A simple way to test the speed in revolutions per minute ia 
to make a large black or white mark on the belt of a machine, and 
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note bow many times the mark passes per minute ; the length of 
the belt divided by the circumference of the pulley gives the 
number of revolutions of the pulley for each time the mark passes. 
The number of revolutions of the pulley to one of the belt can 
also be easily determined by slowly turning the pulley or pulling 
the belt until the latter makes one complete trip around, at the 
same time counting the revolutions of the pulley. If the machine 
has no belt, it can be supplied with one temporarily for the pur. 
pose of the test, a piece of tape with a knot or an ink mark being 
sufficient. Care should be taken in all these teats of speed with 
belts not to allow any slip ; for example, in the case of the tape 
belt just referred to, this belt should pass around the pulley 




of the machine and some light wheel of wood or metal winch 
turns so easily as not to cause any slip of the belt on the pulley 
of the machine. 

Torque or Pull is measured in the case of a motor by the use 
of a Prony brake. This consists of a lever LL of wood, clamped 
on the pulley of the machine to be tested, as indicated in Fig 51. 
The pressure of the screws SS is then adjusted by the wing-nuts 
until the friction of the clamp on the pulley is sufficient to cause 
the motor to take a given current, and the speed is then noted. 
Usually, the maximum torque or pull is the most important to 
test; and this is obtained in the case of a constant -potential motor 
by tightening the screws SS until the motor draws its full current 
as indicated bv an ammeter. What the full current should be, is 
usually marked on the name-plate ; if not, it may be assumed to 
be about 8 amperes per II. P. for 110-volt motors, 4 amperes per 
II. P. for 220-volt, and 1 3-4 amperes per II. P. for 500-volt 
motors. If the machine is rated in kilowatts, the full current in 
amperes can be found by multiplying by 1,000 and dividing h- 
the voltage of the machine. The torque or pull is measured 
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known weights, or more conveniently by a spring balance P. If 
desired, the test may also be made at three-quarters, one-half, or 
any other fraction of the full current. 

The torque or pull in pounds which should be obtained, can 
also be calculated from the power at which the machine is rated, 
by the formula ; 

Torque ^^*^ 000 , 

^ 6.28X8 ' 

in which U. P. is the horse-power <rf the machine at full load, 
and 6 is the speed of the machine in revolutions per minute at 
full load. Torque is given at unit radius, commonly pounds at 
one foot. The pull at any other radius is converted into torque 
by multiplying by the radius; 1, 2, and 4 ft. are convenient 
radii or lengths of lever for measuring pull. One EL P. produced 
at a speed of 1,000 revolutions requires a pull of 5.25 pounds at 

end of 1-foot lever; at 500 revo- 
lutions, twice as much; at 2,000 
revolutions half as much; and so 
on. If the lever is 4 feet, the 
s s P°H is one-fourth as much, etc 

< ffi? ^7 Q The Torque of a Generator, 

~" ^ " l I that is, the power required to 

drive it, is very conveniently de- 
termined by operating it as a 
to Crf motor, and testing it by the 

Fi S- 51. Pronv brake as described above, 

the torque of a generator being practically equal to that of a motor 
under similar conditions. 

Power. The electrical power of a generator or motor is found 
by testing the voltage and current at the terminals of the machine, 
as already described, and multiplying the two together, which gives 
the electrical power of the machine in watts.* Watts are converted 
into horse-power by dividing by 746, and into kilowatts by 
dividing by 1,000. * 

The mechanical power of a generator or motor, that is, the 

•In testing an alternating -current machine, a wattmeter should be em- 
ployed instead of a voltmeter and an ammeter, as explained later. 




Eat 
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wer required for or developed by it, is found by multiplying its 
nil by its speed and by the circumference on which the pull is 
j^neasured, and dividing by 33,000. That is, 

TT P X S X 6.28 X R 
Horsepowers _^ , 

in which P is the pull in pounds, S the speed in revolutions per 
minute, and R the radius in feet at which P is measured. 

Efficiency. This is determined in the case of a generator by 
dividing the electrical power generated by it by the mechanical 
power required to drive it ; that is, 

_,_ . . , Electrical power 

Efficiency of generator -= -_. — : — =-*■ 

J ° Mechanical power 

The efficiency of a motor is the mechanical power developed 
by it, divided by the electrical power supplied to it; that is, 

T ™ . - A Mechanical power 

Efficiency of motor =-=^ : — . — - * 

' Electrical power 

These are the actual or commercial efficiencies of these ma- 
chines, and should be at least 1)0 per cent at rated load in machines 
of 10 II. P. and over. 

The so-called "electrical efficiency" is misleading and of 
little practical importance, and should not be considered in com- 
mercial work. The mechanical and electrical power in the above 
equations are determined as already explained. 

It is usually more convenient to test the efficiency of a gen- 
erator by testing it as a motor with a Prony brake. But the 
efficiency of a generator may be determined very easily by driving 
it with a calibrated electric motor, that is, one in which the power 
developed for any given number of volts and amperes consumed 
is known. Then it is only necessary to measure the watts sup- 
plied by the generator when the motor is running at a certain 
power, and the efficiency of the generator is th* watt* ~ the 
known power. 

Another method is to employ two identical machines, one 
used as a moter driving the other as a generator. The shafts of 
the two machines should be directly connected by some form of 
coupling; a belt may be used, but its friction would cause a 
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small loss. The watts produced by the generator, divided by the' 
watts consumed by the motor, is the combined efficiency of the 
two machines; and the efficiency of each is the square root of that 
fraction. For example, if the combined efficiency is .81, then 
that of each machine is .90, sinoe .90 X .90 = .81. This 
assumes that the two "efficiencies are equal, which is sufficiently 
correct if the machines are exactly alike. The current from the 
generator may be used to help feed the motor, and then only the 
difference in current need be supplied. This latter current repre- 
sents the inefficiency or losses from friction, etc., in both machines. 

To test in this way, connect both machines in parallel with 
the source of current; couple or belt them together; and then 
weaken the field, or shift the brushes of the machine which is to 
be used as a motor, so that it will speed up and drive the other 
as a dynamo, or cause it to drive the other by putting a large pul- 
ley on it. In this way the motor will consume current from the 
circuit while the generator yields current to the circuit. Both 
currents are measured and the efficiencies calculated. 

The efficiency'of a motor-generator or ordinary converter is 
very easily determined by simply measuring the input and out- 
put in watts (by wattmeters or by ammeters and voltmeters for 
direct currents), and dividing the latter by the former. 

These electrical methods of testing are preferable to mechan- 
ical, for the reason that the volts and amperes can be easily 
and accurately measured, and their product gives the power in 
watts.* Mechanical measurements of power by dynamometer or 
other means are difficult, and usually not very accurate. 

Separation of Losses. The total losses in a generator or 
motor, except that caused by the electrical resistance of the arma- 
ture when carrying the full current, can be closely determined at 
once by noting the current required to run the machine free as a 
motor. In a machine of 90 per cent efficiency, this should not amount 
to more than about 8 per cent of the current required to give 
rated power. Consequently the easiest way to test a machine is 
to run it as a motor without load. 

The various losses of power that occur in a generator or motor 
may be determined and separated from each other as follows: 

* When alternating-current machinery is being tested use wattmeters. 
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Take a generator, for example, and drive it with another 
machine used as a motor in the manner described for testing fric- 
tion. The motor should previously be calibrated, that is, tested 
to determine the exact mechanical power it develops for each 
amount of electrical power in watts supplied to it, as described 
for testing efficiency. A simple, shunt-wound motor on a con- 
stant -potential circuit is best suited to the purpose. The gener- 
ator is first driven at normal speed with no field magnetism and 
with the brushes lifted; then the actual power developed by the 
motor equals the power lost in the generator by the friction of 
bearings and belt. The brushes are then adjusted in contact with 
the commutator, with the usual pressure. The increase in the 
power of the motor is equal to the brush friction. 

Finally, excite the field magnet to full strength, and the in- 
crease in the power exerted by the motor is equal to the combined 
losses due to the Foucault or eddy currents and hysteresis in the 
iron core of the armature, provided there is no considerable side 
pull on the armature. The power wasted in Foucault currents 
varies as the square of the speed, while the hysteretic loss is only 
directly proportional to speed; hence the two may be separated by 
testing the machine at different speeds. 

For example, let us call x and y the losses due to hysteresis 
and Foucault currents, respectively, at full speed; A the power 
consumed by both at full speed; and B the power consumed at 

half speed. Then A = x + y, and B = — — (--tS hence, by 

eliminating a?, we have y = 2A - 4B. That is the Foucault loss 
is twice the power consumed by both at full speed minus four 
times the power consumed by both at half speed. The hyster- 
esis loss = A - y. If eddy currents are developed in the copper 
conductors of the armature, they will increase the apparent 
Foucault loss as determined by the above test, since they also 
vary as the square of the speed. The power wasted by eddy cur- 
rents might be found by testing the armature without any conduc- 
tors upon it. This could be done only before the armature is 
wound or by unwinding it, neither of which is practicable except 
in the place where it is made. Ordinarily, however, eddy currents 
in the conductors do not amount to much unless they are ve* 



78 MANAGEMENT OF DYNAMO-ELECTRIC MACHINERY 

large, and even then the use of stranded conductors or conductors 
embedded in slots in the iron core largely overcomes the trouble. 

Friction of the air might also increase the apparent Foucault 
loss; but it usually causes only a very small loss, and is almost 
impossible to separate except by running the machine in a vacuum, 
which is, of course, impracticable. The other losses are quite easily 
measured and separated, as follows : 

The number of watts used in the field can be measured by a 

voltmeter and ammeter, or it can be calculated by the formula : 

E* 
Watts = -£- = PR = EI, in which E is the voltage, R the 

resistance, and I the current. It is sufficient if any of these two 
quantities are known. The loss in the armature conductors, due 
to ohmic resistance is found by multiplying the square of the 
current in the armature at full load by the armature resistance; in 
bet, this is usually called the " FR loss." This should not be 
more than 1 to 3 per cent in a constant- potential generator or 
motor, whether it be alternating-or direct-current. The sum of 
all the losses make up the difference between the total power con* 
sumed by the machine and the useful power that it develops. 

The ordinary values of the various losses in a good generator 
or motor of 25 H. P. are approximately as follows : 

Useful power developed about 92 per cent. 

Used in magnetizing field about 1 to 2 u 

Loss in armature resistance (PR^. . . * % 1 to 2 *' 

Friction of bearings about 2 u 

Friction of brushes ** % ** 

Friction of air u # u 

Hysteresis in armature core u 1 *£ " 

Foucault currents in armature core u 1# " 

Measurement of Power in A. C. Circuits. In circuits car- 
rying alternating currents and having some inductive load either 
in the form of motors or arc lamps or a partly loaded transformer, 
etc., the ordinary method of determining the power, by voltmeter 
and ammeter measurements, is not applicable, as the current is 
seldom in phase with the E. M. F., and therefore the product volts 
X amperes is not the true power. 

There are several means for determining the true power of 
an A. 0. circuit, the simplest being an indicating wattmeter. A 
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wattmeter is an electro-dynamometer provided with two coils, a 
fixed one of coarse wire, the other movable and of fine wire. This 
movable coil is connected in series with a large non-inductive 
resistance, so that the time-constant of the fine-wire circuit is 

extremely small; and hence its 
impedance is practically equal to 
its resistance; the current in, and 
resulting field of, the fine-wire 
coil will under these conditions 
be practically in phase with the 
potential difference across its 
terminals. The field produced 
by the coarse- wire coil is directly 
proportional to the current flow- 
ing through it at any instant. Hence, the couple acting on the fine- 
wire coil is proportional at a given instant to the product of these 
fields; so that the reading of the instrument, which depends on 
the mean value of the couple, will be proportional to the mean 
power, and, by providing the instrument with the proper scale, 
it can be made to read directly in watts. 





Motor 



Fig. 53. 



In Fig. 52, A B represents an inductive load — say, a single- 
phase motor — of which the power input is to be determined; C D 
the terminals of the thick-wire coil (current-coil) of the wattmeter; 
and E F the pressure-coil terminals. When connected as above 
indicated, the wattmeter indicates directly the power in watts sup- 
plied. In the case of a two-phase system, where the two circuits 
are independent, the power may be measured by placing a watt- 
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meter in each phase, as shown in Fig. 58, and adding the two 
readings. If the motor be connected np as shown in Fig. 53, * 
where A B forms a common return, the wattmeters are placed aa 
indicated, care being taken to place the eurrent-eoile in ike <mf- 




Fig. 54a. 




Fig. 545. 

side mains; and the power supplied is equal to the sum of the 
two wattmeter readings. 

The power of a balanced or unbalanced three-phase system 
can be determined by the use of two wattmeters connected as 

* This form of connection in possible only when the generator has two 
independent windings, one for each phase. 
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shown in Fig. 54, a and A. The current-carrying coils are placed 
in series with two of the wires, and the pressure-coil respectively 
connected between these two mains and the third wire. The 

algebraic sum of these two watt- 
meter readings gives the true power 
supplied. When the power factor of 




—\ the system is less than .5, one of the 

tya* s(0* wattmeters will read negatively It 



o 

I 



is sometimes difficult to determine 
whether the smaller readings are neg- 
ative or not. If in doubt, give the 
Pj K 55 wattmeter aseparate load of incandes- 

cent lamps, and make the connections 
such that both instruments deflect properly; then reconnect them 
to the load to be measured. If the terminals of one instrument 
have to be reversed, the readings of that wattmeter are negative. 



Lfi£mAflfl 





Fig. 56. 

To measure the power of a balanced 4- wire 3 phase system, 
one wattmeter may be connected as shown in Fig. 55, and the 
wattmeter reading multiplied by 3. Usually, however, a 4-wire 
3-phase system is unbalanced; and to determine the power sup- 
plied under this condition, three wattmeters should be employed, 
one for each phase, the power supplied being equal to the algebra- 
ic sum of all three readings. 
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It is obvious that in any of the above instances one wattmeter 
could be employed, provided the necessary switches are furnished. 
Assuming, for example, the 3- phase 3- wire case, one wattmeter 
would require switch connections as shown in Fig. 56. A is a 
double-pole switch, which, when thrown to the left, places the 
current-coil of the wattmeter in series with the conductor of No. I, 
and, when thrown to the right, places it in series with No. III. 
Similarly, switch B changes the pressure terminals from between 
I and II to III and II; while switches C and D are short-circuit- 
ing switches, one of which is closed previous to removing the 
current-coil from one phase to the other, and the other one opened 
after the coil is in position as indicated. 

LOCALIZATION AND REHEDY OF TROUBLES. 

The promptness and ease with which any accident or difficulty 
with electrical machinery can be dealt with, will always have 
much to do with the success of a plant. The following list of 
troubles, symptoms, and remedies for the various types and sizes 
of dynamos and motors in common use, has been prepared to 
facilitate the detection and elimination of such difficulties. 

It is evident that the subject is somewhat complicated and 
difficult to handle in a general way, since so much depends upon 
the particular conditions in any given case, every one of which 
must be included in the table in such a way as to distinguish it 
from all others Nevertheless, it is remarkable how much can be 
covered by a systematic statement of the matter, and nearly all 
cases of trouble most likely to occur are covered by the table, so 
that the detection and remedy of the defect will result from a 
proper application of the rules given. 

It frequently happens that a trifling oversight, such as allow- 
ing a wire to slip out of a binding-post, will cause as much 
annoyance and delay in the use of electrical machinery as the most 
serious accident. Other troubles, equally simple but not so 
easily detected, are of frequent occurrence. 

The rules are made, as far as possible, self-explanatory; but 
a statement of the general plan followed and its most important 
features will facilitate the understanding and use of the table. 



MANAGEMENT OF DYNAMO-ELECTRIC MACHINERY 83 

USE OF THE TABLE OF TROUBLES. 

In the use of this table, the principal object should be to 
separate clearly the various causes and effects from one another. 
A careful and thorough examination should first be made; and, 
as far as possible, one should be perfectly sure of the facts, rather 
than attempt to guess what they are and jump at conclusions. Of 
course, general precautions and preventive measures should be 
taken before any troubles occur, if possible, rather than to wait 
until a difficulty has arisen. For example, one should see that 
the machine is not overloaded or running at too high voltage, and 
should make sure that the oil -cups are not empty. Neglect and 
carelessness with any machine are usually and deservedly followed 
by accidents of some sort. It is usually wise to stop the ma- 
chine when any trouble manifests itself, even though it does 
not seem to l>e very serious. It is often practically impos- 
sible to shut down; but even then, sj>are apparatus should be 
ready. The continued use of defective machinery is a common 
but very objectionable practice. 

The general plan of the table is to divide all troubles that 
may occur to generators or motors, into ten classes, the headings 
of which are the ten most important and obvious bad effects pro- 
duced in these machines, viz.: 

I. Sparking at Commutator. 

II. Heating of Commutator and Brushes. 

III. Heating of Armature. 

IV. Heating of Field Magnets. 
V. Heating of Bearings. 

VI. Noisy Operation. 

VII. Speed not right. 

VIII. Motor stops or fails to start. 

IX. Dynamo fails to generate. 

X. Voltage not right. 

Any one of these general effects is evident, even to the casual 
observer, and still more so to any person making a careful ex- 
amination; hence nine-tenths of the possible cases can be elimin- 
ated immediately. 

The next step is to find out which particular one of the eight 
or ten causes in this class is responsible for the trouble. This 
requires more careful examination, but nevertheless can be done 
with comparative ease in most cases. One cause may produce 
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two effects, and, vies verm, one effect may be produced by two 
causes; but the table is arranged to cover this fact as far as 
possible. Ill a complicated or difficult case it is well to read 
through the entire table and note what causes can possibly apply. 
Generally there will not be more than two or three; and the par- 
ticular one can be picked out by following the directions, which 
show how each case may be distinguished from any other. 

I. SPARKING AT THE COMMUTATOR. 

This is one of the most common of troubles, being often quite 
serious because it burns and cuts the commutator and brushes, at the 
same time producing heat that may spread to and injure the arma- 
ture or bearings. Any machine having a commutator is liable to it, 
including practically all direct-current and some alternating-car* 
rent machines. The latter usually have continuous collecting 
rings not likely to spark; but self -exciting or composite- wound 
alternators, rotary converters, and some alternating-current motors 
have supplementary direct-current commutators. A certain 
amount of sparking occurs normally in most constant-current 
dynamos for arc lighting, where it is not very objectionable, since 
the machines are designed to stand it and the current is small. 

Causr 1. Armature carrying too much current, due to (a) 
overload (for example, too many lamps fed by dynamo, or too 
much mechanical work done by motor; a short circuit, leak, or 
ground on the line may also have the effect of overloading a 
dynamo); (b) excessive voltage on a constant-potential circuit, or 
excessive am|x»res on a constant-current circuit. In the case of a 
motor, any friction, such as armature striking pole pieces, or a 
shaft not turning freely, may have the same effect as overload. 

Symptom. Whole armature becomes overheated, and belt (if 
any) becomes very tight on tension side, sometimes squeaking 
because of slipping on pulley. Overload due to friction is de- 
tected by stopping the machine, and then turning it sloWly by 
hand. (See V and VI, 2.) 

Remkdy. (//■) lleduce the load; or eliminate the short cir- 
cuit, leak, or ground on the line; (6) decrease size of driving 
pulley, or (c) increase size of driven pulley; (d) decrease magnetic 
strength of field in the case of a dynamo, or increase it in the 
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^)f a motor. If excess of current cannot satisfactorily be overcome 
in any of the above ways, it will be necessary to change the 
^machine or its winding. Overload due to friction is eliminated 
sb described under V and VI, 2. 

If the starting or regulating rheostat of a motor has too 
little resistance, it will cause the motor to start too suddenly and 
to spark badly at first. The only remedy is more resistance in the 
box. 

Brushes not set at the neutral point. 

Sparking varied by shifting the brushes with 

Carefully shift brushes backwards or forwards 



Cause 2, 

Symptom. 
rocker-arm. 

Remedy. 
until sparking is reduced to a 



minimum. 



This can be done by 




Fig. 57. Fig. 58. Fig. 51). 

simply moving the rocker-arm. If only slightly out of position, 
heating alone may result, without disarrangement being bad 
enough to show sparking. If the brushes are not exactly opposite 
in a bipolar, 90° apart in a four.pole machine, and so on, they 
should be made so, the proper points of contact being determined 
by counting the com mutator- bars or by careful measurement. 

The usual position for brushes is opposite the spaces between 
the pole pieces, but in some machines they must be set in line 
with centers of pole pieces or at some other point. If the brushes 
are set exactly wrong, this will cause a dy '~ fail tn wnnerate, 

and a motor to fail to start, and will bl 
circuit. breaker. (See IX, IS.) 

Cause 3. Commutator rou 
more " high bars " projecting be 
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flat ban, commonly called flats, or projecting mica, any one of 
which causes the brushes to vibrate or to be actually thrown out 
of contact with the commutator (Figs. 58 and 59). Hard mica 
between the bars, which does not wear as rapidly as the copper, 
will prevent good contact or throw brashes off. 

Stkitom. Note whether there is a glaze or polish on the 
commutator, which shows smooth working; touch revolving com- 
mutator with tip of finger nail, and the least ronghness ia percep- 
tible; or feel brushed to see if there is any jar. If the machine 
rone at high voltage (over 250), the commutator or brushes 
should be touched with a stick or quill to avoid danger of shock. 
In the case of an eccentric commutator, careful examination 
shows a .rise and fall of the 
brush when the commutator 
turns slowly, or a chattering 
of brush when it is running 
fast. Sometimes, by sighting 
in line with brush contact, one 
can see daylight between com- 
mutator and brush, owing to 
brush jumping up and down. 
Kkukdy. Smooth the com- 
mutator with a fine file or fine 
sandpaper, which should tie 
applied on a block of wood that 
exactly fits the commutator 
(being careful to remove any 
Band remaining afterward; and never use emery}. If commutator 
is very rough or eccentric, the armature should be taken out and put 
in a lathe, and the commutator turned off. Large machines often 
have a slide-rest attachment (Fig- 60), so that the commutator can 
be turned off without removing the armature. This is clasped on 
the pillow-block after removing the rocker-arm. 

For turning off a commutator, a diamond -pointed tool should 
be used, this being better than either a round or square end. It 
should have a very sharp and smooth edge; and only a fine cat 
should be taken off each time in order to avoid catching in or tear- 
ing the copper, which is very tough. The surface is then finished . 




Fig. 60. 
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by applying a " dead smooth " file while the commutator revolves 
rapidly in the lathe. Any particles of copper should then be 
carefully removed from between the bars. 

To have the commutator wear smooth and work well, it is 
desirable to have the armature shaft move freely back and forth 
about an eighth of an inch in the bearings while it is running. A 
commutator should have a glaze of a brown or bronze color. 
A very bright or scraped appearance does not indicate the best 
condition. Sometimes a very little vaseline or a drop of oil may 
be applied to a commutator that is rough. Too much oil is very 
bad, and causes the following trouble: 

Cause 4. Brushes make poor contact with commutator. 

Symptom. Close examination shows that brushes touch only 
at one corner, or only in front or behind, or there is dirt on sur- 
face of contact. Sometimes, owing to the presence of too much oil 
or from other cause, the brushes and commutator become very 
dirty, and covered with smut* 
They should then be carefully 
cleaned by wiping with oily rag 
or benzine, or by other means. 

Occasionally a "glass-hard" 
carbon brush is met with. It is 
incapable of wearing to a good 
seat or contact, and will touch at 
only one or two points. Some Pi g# gi. 

carbon brushes are of abnormally 

high resistance, so that they do not make good contact. In such 
cases new brushes should be substituted. 

Remedy. Carefully fit, adjust, or clean brushes until they rest 
evenly on commutator, with considerable surface of contact and with 
sure but not tod heavy pressure. Copper brushes require a regular 
brush jig (Fig. 61). Carbon brushes can be fitted perfectly by draw- 
ing a strip of sandpaper back and forth between them and the com- 
mutator while they are pressing down. A band of sandpaper may be 
pasted or tied around the commutator, and the armature then slowly 
revolved by hand or by power while the brushes are pressed upon it. 

It sometimes happens that the brushes make poor contact be* 
cauae the brush-holders do not work freely. 
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Cause 5. -Short-circuited or reversed coil or coils in ar- 
mature. 

Symptom. A motor will draw excessive current, even when 
running free without load. A dynamo will require considerable 
power, even without any load. For reversed coil, see III, 5. 

The short-circuited coil is heated much more than the others, 
and is liable to be burnt out entirely; therefore the machine 
should be stopped i in mediately. If necessary to run machine in 
order to locate the trouble, one or two minutes is long enough; but 
this may be repeated until the short-circuited coil is found by'feel- 
ing the armature all over. 

An iron screw-driver or other tool held between the field 
magnets near the revolving armature, vibrates very perceptibly as 
the short-circuited coil passes. Almost any armature, particularly 
one with teeth, will cause a slight but rapid vibration of a piece of 
iron held near it; but a short circuit produces a much stronger 
effect only once per revolution. Care should be taken not to let 
the piece of iron be drawn in and jam the armature. 

The current pulsates and torque is unequal at different parts 
of a revolution, these being particularly noticeable when several 
coils arc short-circuited or reversed and the armature is slowly 
turned. If a large portion of the armature is short-circuited, the 
heat in <£ is distributed and is harder to locate. In this case a motor 
runs very slowly, giving little power but having full field magnet- 
ism. A short-circuited coil can also be detected by the drop-of- 
potential method. For dynamos, see IX, 3. 

Kkmkdv. A short circuit is often caused by a piece of solder 
or other metal ifettinjr between the com mrtator- bars or their con- 
nections with the armature; and sometimes the insulation between 
or at the ends of these bars is bridged over by a particle of metal. 
In any such case the trouble is easily found and corrected. If, 
however, the short circuit is in the coil itself, the only effective 
remedy is to rewind the coil. 

One or more "grounds" in the armature may produce effects 
similar to those arising from a short circuit. (See Cause 7.) 

C\rsK (J. Broken circuit in armature. 

S\mitom. Commutator flashes violently while running, and 
commutator-bar nearest the break is badly cut and burnt; but in 
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this case no particular armature coil will be heated as in the last 
case; and the flashing will be very much worse, even when taming 
slowly. This trouble, which might be confounded with a bad case 
of "high bar" in commutator (Cause 3), is distinguished there- 
from by slowly turning the armature, when violent flashing will 
continue if circuit is broken; but not with "high bar" unless it 
is very bad, in which case it is easily felt or seen. A very bad 
contact has almost the same effect as a break in the circuit. 

I'kmkdy. A break or bad contact can be located by the 
"drop" method (page 63) or by a continuity test (page 68). 
The trouble is often found where the armature wires connect with 
the commutator, and not in the coil itself, and the break may be 
repaired or the loose wire properly fastened. If the trouble is due 
to a broken commutator connection, and cannot be fixed, the discon- 
nected bar may be temporarily connected 
to the next by solder, or the brushes may 
be " staggered," that is, one put a little 
forward and the other back so as to bridge 
over the break (Fig. 62). It may be im. 
practicable to " stagger " radial and some 
other arrangements of brushes, but usually 
a brush is thick enough to make contact 
with more than one commutator bar. If 
Pj g^ the break is in the coil itself, rewinding is 

generally the only cure. But this may be 
remedied temporarily by connecting together by wire or solder 
the two commutator, bars or coil -terminals between which the 
break exists. It is only in an emergency that armature coils 
should be cut out or commutator bars connected together, or other 
makeshifts resorted to ; but it sometimes avoids a very undesir- 
able stoppage. A very rough but quick and simple way to con. 
nect two commutator bars, is to hammer or otherwise force the 
copperB together across the mica insulation at the end of the com- 
mutator. This should be avoided if possible ; but if it has to be 
done in an emergency, the crushed material can afterwards be 
picked out and the injury smoothed over. In carrying out any 
of these methods, great care should be taken not to short-circuit 
any other armature coil, which would cause sparking (Cause 5). 
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Cause 7. around in Armature. 

Symptom. Two " grounds " (accidental connections between 
the conductors on the armature and its iron. core or the shaft or 
spider) would have practically the same effect as a short circuit 
(Cause 5), and would be treated in the same way. A single 
ground would have little or do effect, provided the circuit is not 
intentionally or accidentally grounded at some other point. On 
an electric-railway (" trolley") or other circuit employing the 
earth as a return conductor, one or more grounds in the armature 
would allow the current to pass directly through them, and would 
cause the motor to spark and have a variable torque at different 
parts of a revolution. 

Remedy. A ground can be detected by testing with a mag- 
neto bell (page 67). It can also be located by the drop-of -po- 
tential method (page 63). Another way to locate it is to wrap a 
wire around the commutator so as to make connection with all of 
the bare, and then connect a source of current to this wire and 
to the armature core (by pressing a wire upon the latter). The 
current will then flow from the armature conductors through the 
ground connection to the core, and the magnetic effect of the 
armature winding will be localized at the point where the ground 
is. This point is then found by the indications of a compass 
needle when slowly moved around the surface of the armature. 
The current may be obtained from a storage battery or from the 
circuit, but should be regulated by lamps or other resistance so as 
not to exceed the normal armature current. Sometimes the 
ground may be in a place where it can be corrected without much 
trouble, but usually the particular coil and often others must be 
rewound. A ground will be produced if the insulation is punc- 
tured by a spark of static electricity, which may be generated by 
the friction of the belt. If the frame of the machine is connected 
to the ground, the static charge will ]>ass off to the ground ; but 
such grounding is often inadvisable, and in such cases the frame may 
be connected to the ground through a Geissler tube, a wet thread, 
a heavy pencil -mark on a piece of unglazed porcelain, or other very 
high resistance which will carry off a static charge of very high 
potential and almost infinitesimal quantity, but will not permit the 
passage of any considerable current that might cause trouble. 
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Cause 8. Weak Field Magnetism. 

Symptom. Pole pieces not strongly magnetic when tested 
with a piece of iron. Point of least sparking is shifted consider- 
ably from normal position, owing to relatively strong distorting 
effect of armature magnetism. Speed of a shunt motor is usually 
high unless magnetism is very weak or nil, in which case a motor 
may run slow, stop, or even run backwards.* A generator fails to 
generate the full E.M.F. or current. 

The particular cause of trouble may be found as follows: A 
broken circuit in the field of a motor is found by purposely open- 
ing the field circuit at some point, taking care first to disconnect 
armature (by putting wood under the brushes, for example), and 
to use only one hand, to avoid shock. If there is no spark when 
circuit is thus opened, there must be a broken circuit somewhere. 
A short circuit in the field coils is found by measuring their 
resistance roughly to see if it is very much less than it should be. 
Usually a short circuit is confined to one magnet, and will there- 
fore weaken that one more than the others; and a piece of iron 
held half-way between the pole pieces will be attracted to one 
more than to the other. The short circuit may be found by the 
drop-of-potential method, by testing from the joint between the 
field coils to each outside terminal. "Grounding" is practically 
identical with short-circuiting, but one ground will not produce 
this effect until another occurs. A double ground, through which 
the current finds a complete path, is equivalent to a short circuit. 
In the ordinary " trolley" electric-railway system, a ground return 
is used, and the neutral conductor of three- wire systems is often 
grounded. In such cases one ground may be sufficient to cut out 
one or more field coils. 

If one field coil is reversed and opposed to the others, it will 
weaken the field magnetism and cause bad sparking. This may 
be detected by examining the field coils to see if they are all con- 
nected in the right way, or by testing with a compass needle. 
(See IX, 4.) The series-coil of a com pound- wound dynamo or 
motor is ofted connected wrongly, and will have the wrong effect, 
that is, will reduce the voltage of the former or raise the speed of 
the latter with increase of load. 

* Note. If the motor is not loaded, it will race. 
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Remedy. A broken or short circuit or a ground is easily 
repaired if external or accessible. If it is internal, the only 
remedy is to replace or rewind the faulty coil. A shunt motor 
will spark badly in starting if the armature is connected before 
the field. This can be remedied by adjusting the contacts and 
switch-arm. If the voltage is too low on the circuit, it may cause 
sparking in a shunt dynamo or motor; and if the voltage cannot 
be raised, the resistance of the field circuit should be reduced by 
unwinding a few layers of wire or by substituting other coils 
(See VII, VIII, IX, and X.) 

Cause {). Vibration of Machine. 

Symptom. Considerable vibration is felt when the hand is 
placed upon the machine, and sparking decreases if the vibration 
is reduced. 

Remedy. The vibration is usually due to an imperfectly bal- 
anced armature or pulley (see VI, 1), to a bad belt (see VI, 6), or 
to unsteady foundations; and the remedies described for these 
troubles should be applied. 

Any considerable vibration is likely to produce sparking, of 
which it is a common cause. This sparking can be reduced by 
increasing the pressure of the brushes on the commutator, but the 
vibration itself should be overcome. 
Catse 10. Chatter of Brushes. 

The commutator sometimes becomes sticky when carbon 
brushes are used, causing friction, which throws the brushes into 
rapid vibration as the commutator revolves, similar to the action 
of a violin bow. 

Symitom. Slight tingling or jarring is felt in brushes. 
Remedy, (lean commutator, and oil slightly. 
( -atse 1 1 . Flying break in armature conductor. 
Symitom. No break found by test with armature standing 
still, but break shown by Hashing at brushes, when running, being 
usually due to centrifugal force. 

Kemedy. Tighten connections to commutator, or repair 
broken wire, etc. 

EXCESSIVE HEATING IN GENERATOR OR flOTOR. 

General Instructions. The degree of heat that is injurious 
or objectionable in a generator or motor is easily determined by 
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feeling the various parts. If the heat is bearable to the hand, it 
is entirely harmless; but if unbearable, the safe limit of tempera- 
ture has been approached or passed, and the heat should be reduced 
in some of the ways that are indicated below. In testing with the 
hand, allowance should be made for the fact that bare metal feels 
much hotter than cotton at the same temperature. The back of 
the hand is more sensitive than the palm for this test. If the heat 
has become so great as to produce an odor or smoke, the safe limit 
has been far exceeded, and the current should be shut off immedi- 
ately and the machine stopped, as this indicates a serious trouble, 
8ii ch as a short-circuited coil or tight bearing. The machine should 
not again be started until the cause of the trouble has been found 
and positively overcome. Of course, neither water nor ice should 
ever be used to cool electrical machinery, except possibly the bear- 
ings of large machines at points where they can be applied without 
danger of wetting the other parts. 

Feeling for heat will serve as a rough test to detect excessive 
temperatures or in emergencies; but, of course, the sensitiveness of 
the hand varies, and it makes a great difference whether the sur- 
face is a good or bad conductor of heat. The proper and reliable 
methods for determining rise in temperature are given on page 
59, Part I. 

It is very important, in all cases of heating, to locate the 
source of heat in the exact part in which it is produced. It is a 
common mistake to suppose that any part of a machine that is 
found to be hot is the seat of the trouble. A hot bearing may 
cause the armature or commutator to heat, or vice versa. In every 
case all parts of the machine should be tried to find which is the 
hottest, since heat generated in one part is rapidly diffused through- 
out the entire machine. It is better to make observations for heat- 
ing by starting with the whole machine cool, which is done by 
letting it stand for several hours. 

II. HEATING OF COMMUTATOR AND BRUSHES. 

Cause 1. Heat spread from another part of machine. 

Symptom. Start with the machine cool, and run for a short 
time, so that heat will not have time to spread. The real seat of 
trouble is the part that heats first. 

Remedy. (See Heating of Armature, Fields, and Bearings.) 
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Cause 2. Sparking. Any of the causes of sparking will 
cause beating, which may be slight or serious. 

Symptom and Remedy. See "Sparking." 

Cause 3. Tendency to spark, or slight sparking hardly 
visible. 

Sometimes before sparking appears, serious heating is pro- 
duced by the causes of sparking, such as the short-circuiting of 
the coils as their commutator-bars pass under the brushes. 

Symitom. Reduced by applying the principal remedies for 
sparking, such as slightly shifting rocker-arm. Fine sparks may 
be found by sighting in exact line with the surface of contact 
between the commutator and brushes. 

Remedy. ,(&** u Sparking.") Apply the remedies with 
extra care. This incipient sparking may be due to excessive in- 
ductance in the armature coils, which can be corrected only by 
reconstruction; or it may be due to insufficient field strength, and 
this can be cured by increasing the ampere-turns of field winding. 

Cause 4. Overheated commutator will decompose carbon 
brush. 

The effect is to cover commutator with a black film which 
offers resistance and aggravates the heat. 

Symitom. Commutator covered with dark coating; commu- 
tator, brushes and holders show marks of abnormal heat. 

Remedy. Commutator and brushes should be carefully 
cleaned, and the latter adjusted to make good contact at the proper 
points. 

Cause 5. Bad connections in brush-holder, cable, etc. 

Symitom. Holder, cable, etc., feel hottest; unusual resistance 
found in these jiarts by "drop method/' 

Remedy. Improve the connections. 

Cause (>. Arcing or short circuit in commutator. 

This may occur across mica or insulation between bars or 
nuts. 

Symitom. Burnt spot between parts; spark appears in the 
insulation when current is put on. 

Remedy. Pick out the charred particles; take commutator 
apart and repair; or put on new commutator. 

Cause 7. Carbon brushes heated by the current. 
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Carbon brushes require less attention than copper, because 
they do not cut the commutator, and their resistance usually re- 
duces sparking, but it may also cause them to heat. 

Symptom. Brushes hotter than other parts. 

Remedy. Use carbon of higher conductivity. Let the 
brush-holder grip brush closer to commutator, so as to reduce the 
length of brush through which the current must ]>ass. Reinforce 
the brush with copper gauze or sheet copper. Use larger brushes 
or a greater number. 

III. HEATING OF ARMATURE. 

Cause 1. Excessive current in armature coils. 

Symptom and Remedy the same as in case of " Sparking," 
Cause 1. 

Cause 2. Short-circuited armature coils. 

Symptom and Remedy the same as in case of " Sparking;" 
Cause 5. See also Cause 7. 

Cause 3. Jloisture in armature coils. 

Symptom. Armature requires considerable power to run free. 
Armature steams when hot, or feels moist. This is really a 
special case of Cause 2, as moisture has the effect of short-circuit- 
ing the coils through the insulation. Measure insulation resist- 
ance of armature ; this should test at least one megohm if arma- 
ture is in good condition, but would be much lowered by mois- 
ture. (See " Insulation Tests.") 

Remedy. The armature should be baked for 5 to 10 hours 
in an oven or other place sufficiently warm to drive out the mois- 
ture, but not hot enough to run any risk of burning or even 
slightly charring the insulation. A neat way to do this is to pass 
through the armature a current regulated to be about three quar- 
ters of the rated armature current, the armature being held still 
or turned over occasionally. 

Cause 4. Foucault currents in armature core. 

Symptom. Iron of armature core hotter than coils after a 

short run, and considerable power required to run armature when 

Note. Any excess of current taken by an armature when running /rw, 
whatever the cause, must be converted into heat by some defect in the 
motor; hence the "free current" is the simplest and most complete test of the 
efficiency and perfect condition of the machine. 
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field » magnetised and there is no load on armature. This can 
be distinguished from Cause 2 by absence of sparking and absence 
of excessive heat in a particular coil or coils after a short ran. 
(See " Stray Power Tests.") 

Remedy. Armature core should be laminated more perfectly, 
which ie a matter of first construction. 

Cause 6. One or mora reverted colls on esse aloe of 
armature. This will cause a local current to circulate around 
armature. 

Symptom. Excessive current when running free, but no par- 
ticular coil heated more than others. If a moderate current is 
applied to each coil in succession by touching wires carrying 
current to each two adjacent commutator-bars, a compass needle 
held over the coils will behave differently when the reversed coil 
is reached. In a motor the half of armature containing the re- 
versed coils is heated more than the other. . 

Remedy. Reconnect the coil to agree with the others. 

Cause 6. Heat conveyed from other parts. 

Symptom. Other parts hotter than armature. Start with 
machine cool, and see if other parts heat first. 

Remedy. See Heating of Bearings, Field and Commutator. 

Cause 7. Flying cross In armature conductor. 

Symptom and Remedy similar to the case of sparking (Cause 
11), except that reference here is to the insulation of the con- 
ductors. 

IV. HEATING OF FIELD MAONBTS. 

Cause 1. Excessive current in Held circuit. 

Symitom. Field coils too hot to keep the hand on. Their 
temperature more than 50 3 C above that of room by resistance teat 
or by thermometer. 

Remedy. In the case of a shunt-wound machine, decrease 
the voltage at terminals of field coils; or increase the resistance in 
field circuit by winding on more wire or patting resistance in series. 
In the case of a series- wound machine, shunt a portion of, or other- 
wise decrease, the current passing through field; or take a layer or 
more of wire off the field coils; or rewind with coarser wire. This 
trouble might be due to a short circuit in field coils in the case of 
a shunt- wound dynamo or motor, and would be indicated by the 
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pole piece with the short-circuited coil being weaker than the 
others. This coil is cooler than the others; in fact, if completely 
short-circuited, it is not heated at all. This condition can be rem- 
edied only by rewinding the short-circuited coil. Measure resist- 
ance of the field coils to see if they are nearly equal. (See " drop 
method.") If the difference is considerable (say, more than 5 or 
10 per cent), it is almost a sure sign that one coil is short-circuited 
or double-grounded. 

Cause 2. Foucault currents in pole pieces or field cores. 

Symptom. The pole pieces hotter than the coils after a short 
run. When making the comparison, it is necessary to keep the 
hand on the coils some time before the full effect is reached, be- 
cause the coils are insulated and the pole pieces are bare metal, and 
even then the coils will not feel so hot, although their actual tem- 
perature may be higher if measured by a thermometer. 

Remedy. This trouble is due to faulty design of toothed- 
armature machines, which can be corrected only by rebuilding, or 
is caused by fluctuations in the current. The latter can be de- 
tected, if the variations are not too rapid, by putting an ammeter 
in circuit; or rapid variations may be felt by holding a piece of 
iron near the pole pieces, and noting whether it vibrates. In the 
case of an alternating current it is necessary to use laminated 
fields to avoid great heating. 

Cause 3. Moisture in field coils. 

Symptom. The field circuit tests lower in resistance than 
normal in that type of machine; and in the case of shunt-wound 
machines, the field takes more than the ordinary current. Field 
coils steam when hot, or feel moist to hand. The insulation 
resistance also tests low. 

Remedy. The same as for moisture in armature (III, 3). 

V. HEATING OF BEARINGS. 

The cause should be found and removed promptly, but heat- 
ing of the bearings can be reduced temporarily by applying cold 
water or ice to them. This is allowable only when absolutely 
necessary to keep running; and great care should be taken not to 
allow any water to get upon the commutator, armature, or field - 
coils, as it might short-circuit or ground them. If the bearing is 
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very hot, the shaft should be kept revolving slowly, as it might 
u freeze," or stick fast, if stopped entirely. 

Cause 1. Lack of oil. 

Symptom. Oil-cup reservoir empty. Oil passages clogged. 
Self-oiling rings stick fast. Shaft and bearing look dry. The 
shaft does not turn freely. 

Kemedy. Supply oil, and make sure that oil passages as well 

as feeding or self-oiling devices work freely, 
and that the oil cannot leak out. This 
last fault sometimes causes oil to fail sooner 
than attendant expects. A good quality 
of oil should always be used, as poor oil might be as bad as no oil. 

Cause 2. Grit or other foreign matter in bearings. 

Symptom. Best detected by removing shaft or bearing and 
examining both. Any grit can of course be felt easily, and will 
also cut the shaft. 

Remedy. Kemove shaft or bearing, clean both very care- 
fully, and see that no grit can get in. Place machine in dustless 
place or box it in. The oil should be perfectly clean; if not, it 
should be filtered. If it is not possible to stop the machine or to 
remove the shaft, the dirt may be washed out with kerosene or 
water; but these should not be allowed to get on the commutator, 
armature, or field coils. 

Cause 3. Shaft rough or cut. (Fig. 03.) 

Symptom. Shaft will show grooves or roughness, and will 
probably revolve stiffly. 

Kemedy. Turn shaft in lathe; or smooth with fine file; and 
see that bearing is smooth and fits shaft. 

Cause 4. Shaft and bearing fit too tight. 

Symptom. Shaft hard to revolve by hand. 

Kemedy. Turn or file down shaft in lathe, or scrape or ream 
out bearings. 

Cause 5. Shaft «« sprung " or bent. 

Symptom. Shaft hard to revolve, and usually sticks much 
more in one part of revolution than in another. 

Kemedy. It is very difficult to straighten a bent shaft. It 
might be bent back or turned true, but probably a new shaft will 
be necessary. 
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Cause ft. Bearings out of line. 

Symptom. Shaft hard to revolve, but is much relieved by 
slightly loosening the screws that hold bearings in place, when 
machine is not running and when belt, if any, is taken off. 

Remedy. Loosen the bearings by partly unscrewing bolts 
or screws holding them in place, and find their easy and true 
position, which may require one of them to be moved either side- 
ways or up or down; then file the screw-holes of that bearing, or 
raise or lower it, as may be necessary, to make it occupy the right 
position when the screws are tightened. The armature, however, 
must be kept in the center of the space between the pole pieces, 
so that the clearance is uniform all around. (See Cause 9.) 

Cause 7. Thrust or pressure of pulley, collar, or shoulder 
on shaft against one or both of the bearings. 

Symptom. Move shaft back and forth with a stick applied to 
the end while revolving, and note if the collar or shoulder tends 
to l)e pushed or drawn against either bearing. It is usually de- 
sirable that a shaft should move freely back and forth about an 
eighth of an inch, to make commutator and bearings wear 
smoothly. 

Remedy. Line up the belt; shift collar or pulley; turn off 
shoulder on shaft, or file off bearing, until the shoulder does not 
touch when running, or until pressure is relieved. 

Cause 8. Too great a load or strain on the belt. 

Symptom. Great tension on belt. In this case the pulley 
bearing will probably be very much hotter than the other, and 
also worn elliptical, as indicated in Fig. 64, in which case the shaft 
can be shaken in the bearing in the direction of the belt pull, when 
the belt is off, provided the machine has l>een running long enough 
to wear the bearings. 

Remedy. Reduce load or belt tension, or use larger pulleys 
and lighter belt, so as to relieve side strain on shaft. (See " Belt- 
ing.") 

Cause 9. Armature too near one pole piece, producing much 
greater magnetic attraction on nearer side. 

Symptom. Examine the clearance of armature to see if it is 
uniform on all sides. Charge and discharge the field magnet, the 
armature being disconnected (by putting wood under the brushes); 
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and note whether armature seems to be drawn to one side and 
turns very much less easily w r hen field is magnetized. 

Rkmkdy. This fault is due either to a. defect in the original 
construction, or to wear in the bearings, either of which is difficult 
to correct; but in cases of necessity the armature can be centered 
exactly in the field by moving the bearings, which may be done by 
carefully filing the holes through which the screws pass that hold 
the bearings in place; or the pole piece may be filed away where 
it is too near the armature. 

Trouble from this cause is greater in multipolar than in bi- 
polar machines, and always tends to become aggravated, because 
the more the side pull the more the bearings wear in that direc- 
tion. If, on the other hand, the armature 
is in the center of the space formed by the 
pole pieces, the magnetic pull is practically 
balanced in all directions. 

It is risky to file bolt-holes or make any 
such change in a machine; and this should 
never be attempted before consulting an ex- 
perienced machinist. Very often the trouble 
is due to the parts being out of place merely 
because they have not been put together right 
or because there is dirt between them. If the hearing is worn, it 
may be rebabbitted or renewed. 

Caisk 10. Bearing heated by hot pulley, commutator, or 
armature. 

Symitom. Pulley, armature, or commutator hotter than l>ear- 
ing. The slipping of the belt on the pulley, sparking at the commu- 
tator, or heating of the armature may heat one or both bearings of 
the machine, in which case an examination will show that these 
parts are hotter than the bearing, and the real source of the trouble. 
Kkmkdy. A slipping belt, sparking commutator, or hot 
armature can be cured as described under these headings, and then 
the bearing will probably cease to heat. 
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VI. NOISY OPERATION. 

Caisk 1. Vibration due to armature or pulley being out 
of balance. 
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Symptom. Strong vibration felt when the hand is placed 
upon the machine while it is running. Vibration changes greatly 
if speed is changed, and sometimes almost disappears at certain 
8 peeo s. 

Remedy. Armature or pulley must be perfectly balanced 
by securely attaching lead or other weight on the light side, or by 
drilling or filing away some of the metal on the heavy side. The 
easiest method of finding in which direction the armature is 
out of balance is to take it out, and to rest the shaft on two 
parallel and horizontal A -shaped metallic tracks sufficiently far 
apart to allow the armature to go between them (Fig. 65). If the 
armature is then slowly rolled back and forth, the heavy side 
will tend to turn downward. The armature and pulley should 
always be balanced separately. An excess of weight on one 
side of the pulley and an equal excess of weight on the op- 
posite side of the armature will not produce a balance while 
running, though it does when standing still; on the contrary, 
it will give the shaft a strong tendency to " wobble." A perfect 
balance is obtained only when the weights are directly op]>osite, 
i.e., in the same line perpendicular to the shaft. 

Cause 2. Armature strikes or rubs against pole pieces. 

Symptom. Easily detected by placing the ear near the pole 
pieces; or by examining armature to see if its surface is abraded 
at any point; or by examining 
each part of the space between 
armature and field as armature is 
slowly revolved, to see if any por- 
tion of it touches or is so close 
as to be likely to touch when the 
machine is running. In small Fig. 65. 

machines, the armature may be 
turned by hand, noting whether it sticks at any point. 

Remedy. Bind down any wire or other part of the armature 
that may project abnormally; or file out the pole pieces where the 
armature strikes; or center the armature so that there is a uniform 
clearance between it and the pole pieces at all points. 

Cause 3. Shaft collar or shoulder, hub or edge of pulley, or 
belt, strikes or scrapes against bearings. 
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Symptom. Rattling noise, which stops when the shaft or 
pulley is pushed lengthwise away from one or the other of the 
bearings. (See "Heating of Bearings," Cause 7.) 

Remkdy. Shift the collar or pulley, turn off the shoulder on 
the shaft, file or turn off the bearing, move the pulley on the shaft, 
or straighten the belt, until there is no more striking, and the 
noise ceases. 

Caisk 4. Rattling due to looseness of screws or other parts. 

Symptom. Close examination of tbe bearings, shaft, pulley, 
screws, nuts, binding-posts, etc., or touching the machine while 
running, or shaking its parts while standing still, shows that some 
parts are loose. 

Rkmkdy. Tighten up the loose parts, and be careful to keep 
them all projierly set up. It is easy to guard against the occur- 
rence of tins trouble, which is very common, by simply examining 
the various screws and other parts each day before the machine is 
started. Electrical machinery being usually high-speed, the jmrts 
are particularly liable to shake loose. A worn or poorly fitted 
•bearing might allow the shaft to rattle and make a noise, in which 
case the bearing should be refitted or renewed. 

Cai sk 5. Singing or hissing of brushes. This is usually 
occasioned by rough or sticky commutator (see i% Sparking," 
Causes X and 10), or by brushes 
not beinjr smooth, or by the layers > --- - ^ {jffi 
of a copper brush not being held to- 
gether and in place. With carbon e 
brushes, hissing will be caused by i^g. 66. 

the use of carbon that is gritty or 

too hard. Vertical carbon brushes, or brushes inclined atminst the 
direction of rotation, are liable to squeak or sing. Occasionally, a 
new machine will make noise that is reduced after the machine 
has been run for some time. 

Symptom. Sound of high pitch, and easily located by placing 
the ear near the commutator while it is running, and by lifting 
off the brushes one at a time, provided there are two or more in 
each set, so that the circuit is not opened. If there is no current 
there is no objection to raisincr tin* brushes. 

Kkmkdy. Apply a r* nj fifth- oil or vaseline to the conimu- 
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tator with the finger or a rag. Adjust the brushes or smooth the 
commutator by turning or filing, or by using tine sandpaper, Wing 
careful to clean thoroughly afterwards. Carbon brushes are liable 
to squeak in starting up or at low speed. This decreases at full 
speed, and can generally be stopped by moistening the brushes 
with oil, care being taken not to have any drops or excess of oil. 
Shortening or lengthening the brushes sometimes stops the noise. 
Running the machine without load for some time usually reduces 
this trouble. 

Cause 6. Flapping or pounding of belt joint or lacing 
against pulley. (Fig- (>*>•) 

Symptom. Sound repeated once for each complete revolution 
of the belt, which is much less frequent than any other generator 
or motor sound, and can easily be detected or counted. 

Remedy. Endless belt or smoother joint. (See " Belting/') 

Cause 7. Slipping of belt on pulley due to overload. 

Symptom. Intermittent squeaking noise. 

TCemkdy. Tighten the belt or reduce the load. A wider 
belt or larger pulley may l>e required. Powdered rosin may be 
put on the belt to increase its adhesion ; but it is a makeshift, in- 
jurious to the belt, to be adopted only if necessary. ( See 
"Belting.") 

Cause 8. Humming of armature-core teeth as they pass 
pole-pieces. 

Symptom. Pure humming sound less metallic than 
Cause 5. 

Remedy. Sloj>e or chamfer the ends of the pole pieces so 
that each armature tooth does not pass the edge of the pole piece 
all at once. Decrease the magnetization of the fields. Increase 
the air-gap or reduce the distance between the teeth. Put these 
are nearly all matters of first construction and are made right by 
good manufacturers. 

Cause 9. Humming due to alternating or pulsating 
current. 

Symptom This gives a sound similar to that in the preced- 
ing case. The two can be distinguished, if necessary, by determ- 
ining whether the note given out corresponds to the number of al- 
ternations, or to the numl>er of armature teeth passing per second. 
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Usually the latter is considerably greater than the former. 

Remedy. This trouble is confined to alternating apparatus, 

and its effects can be reduced by proper design and by mounting 

the machine so as to deaden the sound as far as possible. 

It often happens that a generator or motor seems to make a noise, 
which in reality is caused by the engine or other machine with which it is 
connected. Careful listening with the ear close to the different parts will 
show exactly where the noise originates. A very sensitive method of locating 
a noise or vibration is to hold a short stick by one end between the teeth, and 
press the other end squarely against the several parts, to ascertain which 
particular one gives the greatest vibration. 

VII. SPEED TOO HIGH OR TOO LOW. 

This is generally a serious matter in either generator or motor, 
and it is always desirable and often imperative to shut down im- 
mediately, and make a careful investigation. 

SPEED TOO LOW. 

Cause 1. Overload. (See "Sparking," Cause 1.) 

Symptom. Armature runs more slowly than usual. Bad 
sparking at commutator. Ammeter indicates excessive current. 
Armature heats. Belt very tight on tension side. 

Remedy. Reduce the load on machine, decrease the diameter 
of driving pulley, or increase the diameter of driven pulley. If 
necessary to relieve strain of overload, temporarily decrease the 
vol taw on either a generator or a motor. 

Cause 2. Short circuit or ground in armature. 

Symptom and Remedy the same as in case of "Heating of 
Armature, Cause 2 and Cause b\ 

Cause 3. Armature strikes pole pieces. 

Symptom and Remedy the same as in case of kfc Noise," 
Cause '2. 

Cause 4. Shaft does not revolve freely in the bearings. 

Symitom and Remedy the same as for u Heating of Bearings," 
all cases. 

SPEED TOO HIGH OR TOO LOW. 

Cause 5. Field magnetism weak. 

This has the effect, on a constant- voltage circuit, of making a 
motor run too fast if lightly loaded, or too slow if heavily loaded, 
or even run backwards if the lield magnet is not excited at all, as, 
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for example, when the field circuit is broken. It makes a genera- 
tor fail to "build up" or excite its field, or give the proper voltage 
in any case. 

Symptom and Remedy the same as in case of "Sparking," 
Cause 8. (See the following Cause; also "Dynamo Fails to Gen- 
erate *) 

Cause 6. Too high or too low voltage on the circuit. 

Symptom. This would cause a motor to run too fast or too 
slow, respectively. It can be shown by measuring the voltage of 
the circuit. 

Remedy. The central station or generating plant should be 
notified that voltage is not right. 

5PEED TOO HldH. 

Cause 7. Motor too lightly loaded. 

Symptom. A series-wound motor on a constant-potential cir. 
cuit runs too fast, and may speed up to the bursting point if the 
load is very much reduced or removed entirely (by the breaking 
of the belt, for example). 

Remedy. Care should be exercised in using a series motor 
on a constant-potential circuit, except where the load is a fan, 
pump, or other machine that is positively connected or geared to 
the motor so that there is no danger of its being taken off. A 
shunt motor should be used if the load is likely to be thrown off. 

VIII. MOTOR STOPS OR FAILS TO START. 

This is an extreme case of the previous class ("Speed Too 
High or Too Low"), but is separated because it is more definite 
and permits of quicker diagnosis and treatment. This heading 
does not, of course, apply to generators, since any trouble in 
setting these in motion is usually outside of the machine itself. 

Cause 1. Great overload. 

A slight overload causes motor to run slowly, but an extreme 
overload will, of course, stop it entirely or "stall" it. (See 
" Sparking," Cause 1.) 

Symptom. On a constant-potential circuit the current is 
excessive, and safety-fuse blows or circuit-breaker opens. In 
their absence or failure, armature is burnt out. 

Remedy. Turn off switch instantly, reduce or take off th~ 
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load, replace the fuse or circuit-breaker, if necessary, and turn on 
current again just long enough to see if trouble still exists; if 
so, take off more load. 

Causk 2. Very excessive friction due to shaft, bearings, 
or other parts being jammed, or armature touching pole pieces. 

Symptom. Similar to previous case, but distinguished from 
it by the fact that the armature is hard to turn even when load 
is taken off. Kxami nation shows that the shaft is too large or is 
l>ent or rough, that the bearing is too tight, that the armature 
touches jK)le pieces, or that there is some other impediment to 
Jfree rotation. (See fck Heating of Bearings" and " Noise.") 

Kkmkdy. Turn current off instantly, ascertain and remove 
the cause of friction, turn on the current again just long enough 
to see if trouble still exists ; if so, investigate further. 

Cause 8. Circuit open. 

This may be due to ((f) safety-fuse blown or circuit -breaker 
open ; (/>) wire in motor broken or slipped out of connections; 
(<•) brushes not in contact with commutator ; (•/) switch open ; 
(c) circuit supplying motor open ; (/* ) failure at generating plant. 

Symptom. Distinguished from causes 1 and 2 by- the fact 
that if the load is taken off, the motor still refuses to start, and 
yet armature turns freely. 

On a constant-potential circuit the field circuit alone of a shunt 
motor may be open, in which case the pole pieces are not strongly 
magnetic when tested with a piece of iron, and there is a danger- 
ously heavy current in the armature ; if the armature circuit is at 

* t* 

fault, there is no spark when the brushes are lifted ; and if both 
are without current, there is no spark when switch is opened. One 
should be very careful if there is no field magnetism or even if it 
is weak, as a motor is liable to be burnt out if the current is then 
thrown upon the armature. 

Kkmkdy. Turn current off instantly. Examine safety-fuse 
circuit-breaker, wires, brushes, switch, and circuit generally, for 
break or fault. If none can be found, turn on switch again for a 
moment, as the trouble may have been due to a temporary stoppage 
of the current at the station or on the line. If motor still seems 
dead, test separately armature, field coils, and other parts of circuit 
for continuity with a magneto or a cell of battery and an electric 
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bell, to see if there is any break in the circuit. (See " Instructions 
for Testing.") 

One of the simplest ways to find whether the circuit has cur- 
rent on it and to locate any break, is to test through an incandes- 
cent lamp. Two or five lamps in series should be used on 220- 
and 5(K)-volt circuits, respectively. 

Caisk 4. Wrong connection or complete short circuit of 
field, armature, switch, etc. 

Symptom. Distinguished from Causes 1 and 2 in the same 
way as Cause 3, and differs from Cause H in the evidence of strong 
current in motor. 

On a constant-potential circuit, if current is very great, it in- 
dicates a short circuit. If the field is at fault, it will not be 
strongly magnetic. 

The possible complications of wrong connections are so great 
that no exact rules can be given. Carefully examine and make sure 
of the correctness of all connections (see Diagrams of Connections). 
This trouble is usually inexcusable, since only a competent person 
should ever set up a machine or change its connections. 

In the 3-wire (220-volt direct-current) system, several peculiar 
conditions may exist, as follows: 

(a) The dynamo or dynamos on one side of the system may 
become reversed, so that both of the outside wires are positive or 
negative. In that case a motor fed in the usual way from the two 
outside conductors will get no current, but lamps Connected be- 
tween the neutral wire and either of the outside wires will burn 
as usual. 

(£) If one of the outside wires is oj>en by the blowing of a 
fuse, an accidental break, or other cause, then a motor (220-volt) 
beyond the break can get some current at 110 volts through any 
lamps that may be on the same side of the break as itself, and on 
the same side of the system as the conductor that is open. These 
lamps will light up when the motor is connected, but the motor 
will have little or no power unless the number of lamps is large. 

(c) If the neutral or middle wire is open, a motor connected 
with the outside wires will run as u;-ual; but lamps on one side of 
the system will burn more brightly than those on the other side, 
unless the two sides are perfectly balanced. 
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(/■/) If one of the outside wires becomes accidentally ground- 
ed, a 110-volt dynamo, motor, or other apparatus, also grounded 
and connected to the other outside wire, will receive 220 volts, 
which will probably burn it out. 

IX. DYNAMO FAILS TO GENERATE. 

This trouble is almost always caused by the inability of a dy- 
namo to "excite" or »• build up" its field -magnetism sufficiently. 
The proper starting of a self-exciting dynamo requires a certain 
amount of residual magnetism, which must ba increased to full 
strength by the current generated in the machine itself. This 
trouble is not likely to oL'cur in a separately-excited machine; and 
if it does it is usually due to the exciter failing to generate, and 
therefore amounts to the same thing. 

Cause 1. Residual magnetism too weak or destroyed. 

This may be due to (<j) vibration or jar; (b) proximity of an- 
other dynamo; {<*) earth's magnetism; (d) accidental reversed 
current through fields, not enough to completely reverse magnet- 
ism. The complete reversal of the residual magnetism in any 
dynamo will not prevent its generating, but will only make it 
build up of opposite polarity. Sometimes reversal of residual 
magnetism may be very objectionable, as in case of charging stor- 
age batteries; but, although the popular supposition is to the con- 
trary, it will not cause the machine to fail to generate. 

Symptom. Little or no magnetic attraction when the pole 
pieces are tested with a piece of iron. 

Kkmkdy. Semi a magnetizing current from another machine 
or battery through the field coils, then start and try the machine; if 
this fails, apply the current in the opposite direction, since the 
magnets may have enough polarity to prevent the battery building 
them up in the direction first tried. 

Shift the brushes forward in a generator, or backward in a 
motor to make armature magnetism assist field. Turn machine 
around or change its polarity, so that the magnetism which the 
earth or the adjacent machine tends to induce is in the right 
direction. Dynamos should be placed with their opposite poles 
toward each other, and the north pole of a machine should prefer- 
ably be placed toward the north (which is magnetically the south 
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pole of the earth); but the earth's magnetism is hardly strong 
enough to reverse a dynamo's residual magnetism. 

Cause 2. Reversed connections or reverse direction of rota- 
tion. 

Symptom. When running, pole pieces show no attraction for 
a piece of iron. The application of external current cannot be 
made to start the machine, as in case of Cause 1, because, which- 
ever way the field may be magnetized, the resulting current 
generated by armature opposes and destroys the magnetism. 

Remedy, (a) Reverse either armature connections or field 
connections, but not both, (i) Move brushes through 180" for 
2-pole, 90° for4-pole machines, etc. (c) Reverse direction of rota- 
tion. After each of the above are tried, the field may have to be 
built up with a battery or other current, since the causes in this 
case operate to destroy whatever residual magnetism may have 
been present. 

Cause 3. Short circuit in the machine or external circuit. 

This applies to a shunt-wound machine, and has the effect of 
preventing the voltage and the field magnetism from building up. 

Symptom. Magnetism weak, but still quite perceptible. 

Remedy. If the short circuit is in the external circuit, open- 
ing the latter will allow the dynamo to build up and generate 
full voltage. If the short circuit is within the machine, it should 
be found by careful inspection or testing. In either of these cases, 
do not connect the external circuit until short circuit is found and 
eliminated. A slight short curcuit, such as that caused by a 
defective lamp socket or by copper dust on the brush -holder or 
commutator, may prevent the magnetism of a shunt machine from 
building up. (See "Sparking," Causes 5 and 8.) Too many 
lamps, or other load, might prevent a shunt dynamo from building 
up its field magnetism, in which case the load should be discon- 
nected in starting. 

Cause 4. Field-coils opposed to each other. 

Symptom. Upon passing a current from another dynamo of 
a battery the following symptom will exist : If the pole-pieces of a 
bipolar machine are approached with a compass or other freely 
suspended magnet, they both attract the same end of the magnet, 
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showing them to lie of the same polarity, whereas they should 
always l>e of opjiosite j»olarity. 

For similar reasons the pole-pieces are magnetic when tested 
separately with a piece of iron, hut show less attraction when the 
same piece of iron is applied to both at once, in which latter case 
the attraction should l>e stronger. In multipolar machines these 
tests should be applied to consecutive pole-pieces. 

Rkmedy. Reverse the connections of one of the coils in order 
to make the polarity of the pole-pieces opposite. The pole-pieces 
should l>e alternately north and south (when tested by compass). 

Cause 5. Open circuit. 

This may he due to i<n broken wire or faulty connection in 
machine; «M brushes not in contact with commutator; (c) safety 
fuse melted or absent; (</) switch open; (#*) external circuit open. 

Symptom. If the trouble is merely due to the switch or ex- 
ternal circuit l>eing oi»en, the magnetism of a shunt dynamo may 
be at full strength, and the machine itself may be working perfect- 
ly; but if the trouble is in the machine, the field magnetism will 
probably Ik* very weak. 

Rkmkpy. Make very careful examination for open circuit; if 
not found, test separately the field-coils, armature, etc., for contin- 
uity, with magneto ,»r eell of battery and electric bell. (See "In- 
stnu-tions for Testing;" also % - Motor Stops," etc., Cause 3.) 

A break, poor contact, or excessive resistance in the field cir- 
cuit or regulator of a -hunt dynamo will also make the magnetism 
weak and prevent it- building up. This may be detected and 
overcome by cuttino out the rheo>tat for a moment by connecting 
th • two terminals of the tield-eoils to the two brushes respectively. 
care being taken not to make a short circuit. 

A break or abnormally high resistance anywhere in the circuit 
of a -erie--wound dynamo will prevent it from generating, since 
the field-coil is in the main circuit. This may be detected and 
overcome by -hort -circuiting the machine for a moment in order 
to start up the magnetism. 

Kit her of tln-e two rem.* iie> by -hort-circuiting should l>e 
applied very carefully, and n»t until the pole- pieces have l>een 
te-ted with a piece of iron to make sure that the magnetism is 
weak. 
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Cause 6. Brushes not in proper position. 

Symptom. The magnetism and current are increased by 
shifting the brushes. 

Remedy. It often happens that the brushes are not set at the 
proper point; in fact, they may be set exactly wrong, so that the 
dynamo is incapable of generating any current whatever. This 
trouble is mainly due to the fact that the proper position for the 
brushes is not the same for all kinds of machines. Almost all 
ring armatures and many drum armatures require the brushes to 
be set opposite the spaces between the pole- pieces. But most ar- 
matures are wound so that the brushes must be set nearly 90 ' 
from this position, or opposite the center of the poles. Some mul- 
tipolar machines have as many sets of brushes as there are pole 
pieces; while others have armatures that are cross-connected, or 
have the conductors arranged in series so that only two sets of 
brushes are required. Four-pole machines with only two brushes 
require them to be set at 90 '; 6-pole machines, either G0° or 180°; 
8-pole, either 45° or 135 ; 10-pole, either 36°, 108°, or 180°; 12- 
pole, either 30\ 90', or 130 ; and 10-pole, either 22A°, 67£°, 112°, 
or 157|°; and so on. 

The fact is, that the proper position of the brushes depends 
upon the particular winding, internal connections, etc., and no one 
should ever assume to know where to set the brushes unless he is 
perfectly familiar with the particular type of machine. A blue 
print or other definite instructions should always be obtained and 
followed; and, if these are not available, the matter may be deter- 
mined by careful trial. The proper position of brushes is the same 
for dynamos and motors, except that in the former the brushes are 
given a forward lead, that is, shifted a little in the direction of 
rotation, whereas motor brushes should be set a little backward. 
This shifting is necessitated by the armature reaction or the mag- 
netizing effect of the armature current, which distorts the field 
magnetism. 

The positions and number of brushes for each hind of arma- 
ture are show in Fig. 67, which shows also the arrangements of cir- 
cuits in each of the leading types. 

A is the armature for the ordinary two-pole machine, and may 
be drum- or ring- wound. The current enters trom the positive 
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brush, passes around both sides of the armature, and out through 
the negative brush. Hence this is called a " two-circuit " arma- 
ture. 

B is a plain armature used in a 4-pole machine. As there 
are here two more poles, it is necessary to use two more brushes 
to collect the current. This gives tw T o brushes through which 
current enters,' and two through which it leaves ; consequently 
each pair of brushes must be joined in multiple in order to carry 
all the current to the mains. 

C is a 4-pole armature in which the additional currents are 
carried across to the first pair of brushes by means of connections 
through the center of the armature. Therefore, the entire current 
may be taken off by these brushes ; or two more may be added to 
divide the w T ork, in which case they must also be connected in 
multiple to the first pair, as in case B above. 

With either B or C, since there are two parts of the armature 
winding under the influence of different magnets, but rtftining in 
parallel to the mains, it is evident that if the pressure of the cur- 
rent in one part of the winding is weaker than in the other, 
through inequality of the magnets or otherwise, it will short-cir- 
cuit the other part of the winding and work badly. 

This cannot occur in A, because both parts of the winding 
are influenced by the two ends of a single magnet. 

D is a 4-pole armature in w T hich the windings do not connect 
together in parallel but in series, thus overcoming the objection 
above. It has a ring- winding, and each coil is connected to the 
one diametrically -opposite. An examination will show that 
though the poles alternate, the wire is all arranged so that the cur- 
rent flows in a single pair of circuits, as in A. This also permits 
of the use of larger wire and fewer turns, as they are connected in 
series instead of multiple. 

E is a drum armature all in series, as in the case of D. In- 
spection will show that the actions of each of the four poles on all 
the bars harmonize, or cause the current to flow in the same 
direction. 

To facilitate tracing the course of the current, the arrange- 
ment is represented with the smallest possible number of bars. 
Many more are used in practice. 
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F is a series dram armature for eight poles. The principle is 
the same, but the limit of brash adjustment is smaller. The en- 
tire range from zero to full E. M. F. is covered by moving the 
brush one-eighth of the circumference. 

As the winding is all in series, two brashes only are neces- 
sary; but as many more as desired may be added between the 
other poles, and then connected in multiple to the first ones. This 
is usually taken advantage of, because a single pair of brushes 
would become heated from carrying excessive current; but the dif- 
ficulty of one part of the armature short-circuiting the other can- 
not occur, because each part of the winding is under the influence 
of all the poles. 

X. VOLTAOE OP GENERATOR NOT RIGHT 

VOLTAOB TOO LOW. 

Causk 1. Speed too low* (See " Speed not Right.") 

Remedy. Increase speed of the prime mover, if possible; 
when this cannot be done, decrease the diameter of the driven 
pulley or increase the diameter of the driving pulley, preferably 
the latter. 

Cause 2. Field magnetism weak. 

Symptom and Remedy. (See " Sparking," Cause 8.) 

Cause 3. Brushes not in proper position. 

Symptom and Remedy. (See u Sparking," Cause 2.) 

Cause 4. Machine overloaded. 

Symptom and Remedy. (See " Sparking," Cause 1 and 
"Speed not Right," Cause 1); also increase field excitation, if 
possible. 

Cause 5. Short-circuited armature coil or coils. 

Symjtom and Remedy. (See "Sparking," Cause 5.) 

Cause 6. Reversed armature coil or coils. 

SYMFroM and Remedy. (See " Sparking, " Cause 5.) 

VOLTAOE TOO HIOH. 

Cause 7. Speed too high. 

Remedy. Apply the reverse of treatment given in Cause 1. 

Cause 8 Field magnetism too powerful. 

Remedy. Increase resistance of shunt field circuit, by means 
of a shunt field rheostat. 
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Cause 9. Machine Compounds too much. 

Remedy. Decrease resistance of series field shunt. 
(See Compound -wound Dynamos, page 25, Part I.) 
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POWER STATIONS. 



With the rapid increase of the use of electricity for power, 
lighting, traction, and electro-chemical processes, the powerhouses 
equipped for the generation of the electrical supply have increased 
in size from plants containing a few low-capacity dynamos, belted 
to their prime movers and lighting a limited district, to the mod- 
ern central station, furnishing power to immense systems and over 
extended areas. Examples of the latter type of station are found 
at N iagara Falls, such stations as the Metropolitan and Manhattan 
stations in New York City, the plants of the Boston Edison Illu- 
minating Company, etc. 

The subject of the design, operation, and maintenance of cen- 
tral stations forms an extended and attractive branch of electrical 
engineering. The design of a successful station requires scientific 
training, extensive experience, and technical ability. Knowledge 
of electrical subjects alone will not suffice, as civil and mechanical 
engineering ability is .called into play as well, while ultimate 
success depends largely on financial conditions. Thus, with un- 
limited capital, a station of high economy of operation may be 
designed and constructed, but the business may be such that the 
fixed charges for money invested will more than equal the differ- 
ence between the receipts of the company and the cost of the gen- 
eration of power alone. In such cases it is better to build a cheaper 
station and one not possessing such extremely high economy, but 
on which the fixed charges are so greatly reduced that it may be 
operated at a profit to the owners. 

The designing engineer should be thoroughly familiar with 
the nature and extent of the demand for power and with the prob- 
able increase in this demand. Few systems can be completed for 
their ultimate capacity at first and, at the same time, operated 
economically. Only such generating units, with suitable reserve 
capacity, as are necessary to supply the demand should be installed 
at first, but all apparatus should be arranged in 8U*» L ~ ~ °nner 
that future extensions can be readily made. 
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The subject of power stations, as here treated, will consider 
the following general topics: 

Location of station and substation, with choice of system to be em- 
ployed. 

Steam plants, boilers, piping, prime movers, etc. 

Hydraulic plants. 

The use of other prime movers. 

The electrical plant, generators, and exciters, switching apparatus, etc 

Buildings. 

Station records, methods of charging for power, etc. 

LOCATION OF THE GENERATING STATION. 

The choice of a site for the generating station is very closely 
connected with the selection of the system to be used, which sys- 
tem, in turn, depends largely on the nature of the demand, so that 
it is a little difficult to treat these topics separately. Several possi- 
ble sites are often available, and we may either consider the require- 
ments of an ideal location, selecting the available one which is 
nearest to this in its characteristics, or we may select the best system 
for a given area and assume that the station may be located where 
it would be best adapted to this system. Wherever the site may 
be, it is possible to select an efficient system, though not always 
an ideal one. 

The following points should bo considered in the location of 
a station, no matter what the system used: 

1. Accessibility. 

% 1. Water supply. 

\\. Stability of foundation. 

4. Surroundings. 

f>. Facility for extension. 

(5. Cost of real estate. 

The station should be readily accessible on account of the 
delivery of fuel and stores, and of the machinery, while it should 
be so located that ashes and cinders may be easily removed. If 
possible, the station should be located so as to be reached by both 
rail and water, though the former is generally more desirable. If 
the coal can be delivered to the bunkers directly from the cars, the 
very important item of the cost of handling fuel may be greatly 
reduced. Again, the station should be in such a location that it 
may be readily reached by the workmen. 
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Cheap and abundant water supply for both boilers and con- 
densers is of utmost importance in locating a steam station. The 
quality of the water supply for the boiler is of more importance 
than the quantity. It should be as free as possible from impuri- 
ties which are liable to corrode the boilers, and for this reason 
water from the town mains is often used, even when other water is 
available, as it is possible to economize in the use of water by the 
selection of proper condensers. The supply for condensing pur- 
poses should be abundant, otherwise it is necessary to install ex- 
tensive cooling apparatus which is costly and occupies much 
space. 

The machinery, as well as the buildings, must have stable 
foundations, and it is well to investigate the availability of such 
foundations when selecting the site. 

In the operation of a power plant using coal or other fuels, 
certain nuisances arise, such as smoke, noise, or vibration, etc. 
For this reason it is preferable to locate where there is little lia- 
bility to complaint on account of these causes, as some of these 
nuisances are costly and difficult or even impossible to prevent. 

A station should be located where there are ample facilities 
for extension and, while it may not always be advisable to pur- 
chase land sufficient for these extensions at first, if there is the 
slightest doubt in regard to being able to purchase it later, it 
should be bought at once, as the station should be as free as possi- 
ble from risk of interruption of its plans. Often real estate is too 
high for purchasing a site in the best location, and then the next 
best point must be selected. A consideration of all the factors 
involved is necessary in determining whether or not this cost is 
too high. In densely populated districts it is necessary to econo- 
mize greatly with the space available, but it is generally desirable 
that the machinery may all be placed on the ground floor and that 
adequate provision may be made for the storage of fuel, etc. 

The location of substations is usually fixed by other con- 
ditions than those which determine the site of the main power 
house. Since, in the simple rotary converter substation, neither 
fuel or water are necessary and there is little noi », it 

may be located wherever the cost of real * 
vided suitable foundation may be co 
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between substations depends entirely on the selection of the sys- 
tem and the nature of the service. 

Where low voltages are used it is essential that the station 
be located as near the center of the system as possible. This cen- 
ter is located as follows: 

Having determined the probable loads and their points of 
application for the proposed system, these loads are indicated on a 
drawing with the location of the same shown to scale. The center 
of gravity of* this system, considering each load as a weight, is 
then found and its location is the ideal location, as regards amount 
of copper necessary for the distributing system. 

Consider Fig. 1, which shows the location of five different 
loads, which in this case are indicated by number of amperes. 
Combining loads A and B, we have Ax = By. x + y = a. Solv- 
ing these equations we find that 
_„.-+---- Jii" A A and B may be considered as 

a!" / a load of A + B amperes at F. 

/.H9 Similarly, C and D, E and F f 



•L3 



' X / C3 and G and II may be combined 

Nj* / gi v * n g U8 I? the center of the 

N n n / system. The amount of copper 

n n ' necessary for a given regulation 

/ runs up very rapidly as the dis- 

tance of the station from this 
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point increases. 

Selection of System. Gen- 
eral rules only can be stated for the selection of a system to be 
used in any given territory for a certain class of service. 

For an area not over two miles square and a site reasonably 
near the center, for lighting and ordinary power purposes, direct- 
current, low-pressure, three- wire systems may be used. Either 220 
or 440 volts may be used as a maximum voltage, and motors should, 
preferably, be connected across the outside wires of the circuits. 
Five-wire systems with 440 volts maximum potential have been 
used, but they require very careful balancing of the load if the 
service is to be satisfactory. 220- volt lamps are giving good satis- 
faction; moderate-size, direct-current motors may be readily built 
for this pressure and constant-potential arc lamps may be operated 
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on this voltage though not so economically as on 110 volts, if 
single lamps are used. For direct-current railway work, the limit 
of the distance to which power may be economically delivered with 
an initial pressure of 000 volts is from live to seven miles, depend- 
ing on the traffic. 

If the area to be served is materially larger than the above, 
or distances for direct-current railways greater, either of two dif- 
ferent schemes may be adopted. Several stations may be located 
in the territory and operated separately or in multiple on the va- 
rious loads, or one large power house may be erected and the en- 
ergy transmitted from this station at a high voltage to various 
transformers or transformer substations which, in turn, transform 
the voltage to one suitable for the receivers. Local conditions 
usually determine which of these two shall be used. 

The use of several low-tension stations operating in multiple 
is recommended only under certain conditions, namely, that the 
demand is very heavy and fairly uniformly distributed throughout 
the area, and suitable sites for the power house can be readily ob- 
tained. Such conditions rarely exist and it is a question whether 
or not the single station would not be just as suitable for such 
cases as where the load is not so congested. 

One reason why a large central station is preferred to several 
smaller stations is that largo stations can be operated more eco- 
nomically, owing to the fact that large units may be used and they 
can be run more nearly at full load. There is a gain in the cost 
of attendance, and labor-saving devices can be more profitably in- 
stalled. The location of the power plant is not determined to such 
a large extent by the position of the load, but other conditions, 
such as water supply, cheap real estate, etc., will be the governing 
factors. In several cities, notably New York and Boston, large 
central stations are being installed to take the place of several sep- 
arate stations, the old stations being changed from generating 
power houses to rotary- converter substations. Both direct-cur- 
rent low-tension machines, to .supply the neighboring districts, 
and high-tension alternating-current, for supplying the outlying 
or residence districts, are often installed in the one stp 

As examples of the central station being locate 
tance from the center of the load, we have'r 
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hydraulic power developments. Here it is the cheapness of the 
water power which determines the power house location. The 
greatest distance over which ]>ower is transmitted electrically at 
present is in the neighborhood of 200 miles. 

If a high-tension alternating-current system is to be installed, 
there remains the choice of a polyphase or single-phase machine as 
well as the selection of voltage for transmission purposes. As 
pointed out in u Power Transmission ", polyphase generators are 
cheaper than single-phase generators and, if necessary, they can be 
loaded to about 80% of their normal capacity, single- phase, while 
motors can be more readily operated from polyphase circuits. If 
synchronous motors or rotary converters are to be installed, a poly- 
phase system is necessary. The voltage will be determined by the 
distance of transmission, care being taken to select a value consid- 
ered as standard, if possible. Generators are wound giving a volt- 
age at the terminals as high as 15,000 volts, but in many districts 
it is desirable to use step-up transformers for voltages above 0,600 
on account of liability to troubles from lightning. 

With the development of the single-phase railway motor, cen- 
tral stations generating single-phase current only, will be built in 
larger sizes than previously, as their use heretofore has been lim- 
ited to lighting stations. 

Size of Plant. A few general notes in regard to the design 
of plants will be given here, the several points being taken up 
more in detail later. 

Direct driving of apparatus is always superior to methods of 
gearing or belting as it is efficient, safe, and reliable, but it is not as 
flexible as shafting and belts, and on this account its adoption is 
not universal. 

Speeds to be used will depend on the type and size of the 
generating unit. Small machines are always cheaper when run at 
high speeds, but the saving is less on large generators. For large 
engines, slow speed is always preferable. 

It is desirable that there be a demand for both power and 
lighting, and a station should be constructed which will serve both 
purposes. The use of power will create a day load for a lighting 
station which docs much to increase 4 its ultimate efficiency and, as 
a rule, its earning capacity. 
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In addition to generator capacity necessary to supply the load, 
a certain amount of reserve, either in the way of additional units 
or overload capacity, must l>e installed. The probable load for say 
three years can be closely estimated and this, together with the 
proper reserve, will determine the size of the station. The plant 
as a whole, including all future extensions, should be planned at 
the start as extensions will chen be greatly facilitated. Usually it 
will not be desirable to begin extensions for at least three years 
after the first part of the plant has been erected. 

Enough units must be installed so that one or more may be 
laid off for repairs, and there are several arguments in favor of 
making this reserve in the way of overload capacity, for the gen- 
erators at least. Some of these arguments are: Reserve is often 
required at short notice, notably in railway plants. With overload 
capacity, rapid increase of load, such as occurs in lighting stations 
when darkness comes on suddenly, may be more readily taken care 
of. There is always a factor of safety in machines not running to 
their fullest capacity. Reserve capacity is cheaper in this form 
than if installed as separate machines. As a disadvantage, we 
have a lower efficiency, due to machines not usually running at 
full load, but in the case of generators this is very slight. 

With an overload capacity of 33.\%, four machines should be 
the initial installment since one can be laid off for repairs if neces- 
sary, the total load being readily carried by three machines. In 
planning extensions, the fact that at least one machine may require 
to be laid off at any time should not be lost sight of, while the 
units should be made as large as is conducive to the best operation. 



TABLE 1. 
Permissible Overload 33 per cent. 





Machines added 
one at a time. 


Machines added 
two at a time. 


Machines added 
three at a time. 


Initial installment 


No. Size. 
4 500 
1 660 
1 888 
1 11&3 
1 1577 
1 2103 
1 2804 


No. Size. 

4 m) 

2 KXX) 
2 2(XX) 
2 40(X) 
4 4(XX) 
8 4000 


No. Size. 
4 500 


First extension 


3 2000 


Second " 


5 5000 


Third " 


4 5000 


Fourth " 




Fifth " 




Sixth " 
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Table 1 is worked out showing the initial installment for a 
2,000-K.W. plant with future extensions. It is seen from this 
table that adding two machines at a time gives more uniformity in 
the size of units — a very desirable feature. 

The boilers should be of large units for stations of large 
capacity, while for small stations they must be selected so that at 
least one may be laid off for repairs. 

STEAM PLANT. 
BOILERS. 

The majority of power stations have their machinery driven 
by either steam or water power, though there are many using gas 
engines as prime movers. If a steam plant is being considered, 
one of the first subjects to be taken up is the generation of the 
steam. The subject of boilers is one of vital importance to the 
successful operation of steam-driven central stations. The object 
of the boiler with its furnace is to abstract as much heat as possi- 
ble from the fuel and impart it to the water. The various kinds 
of boilers used for accomplishing this more or less successfully are 
described in books on boilers, and we will consider here the merits 
of a few of the types only as regards central -station operation. 

The requirements are: First, that steam be available through- 
out the twenty-four hours; the amount required at different parts 
of the day varying considerably. Thus, in a lighting station, the 
demand from midnight to G a. m. is very light, but toward eve- 
ning, when the load on the station increases very rapidly, there is an 
abrupt increase in the rate at which steam must be given off. The 
maximum demand can be readily anticipated under normal weather 
conditions, but occasionally this maximum will be equaled oreven 
exceeded at unexpected moments. For this reason a certain num- 
ber of boilers must be kept under steam constantly, more or less 
of them running with banked fires during light loads. If the 
boilers have a small amount of radiating surface, the loss during 
idle hours will be decreased. 

Seoonrf, the boilers must be economical over a large range of 
rates of firing and must be capable of being forced without detri- 
ment. Boilers should be provided which work economically for the 
hours just preceding and following the maximum load while they 
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may be forced, though running at lower efficiency, during the peak. 

Thinly coming to the commercial side of the question, we have 
first cost, cost of maintenance, and space occupied. The first cost, 
as does the cost of maintenance, varies with the type and pressure 
of the boiler. The space occupied enters as a factor only when 
the situation of the station is such that space is limited, or when the 
amount of steam piping becomes excessive. In some city plants, 
space may be the determining feature in the selection of boilers. 

The Cornish and Lancashire boilers differ only in the num- 
ber of cylindrical tubes in which furnaces are placed. As many 
as three tubes are placed in the largest sizes (seldom used) of the 
Lancashire boilers. They are made up to 200 pounds steam pres- 
sure and possess the following features: 

1. High efficiency at moderate rates of combustion. 

2. Low rate of depreciation. 

3. Large water space. 

4. Easily cleaned. 

5. Large floor space required. 

6. Cannot be readily forced. 

The Galloway boiler differs from the Lancashire boiler in that 
there are cross tubes in the flues. 

In the Multitubular boiler the number of tubes is greatly 
increased and their size diminished. Their heating surface is large 
and they steam rapidly. They are used extensively for power, 
station work. 

The chief characteristics of the water-tube boilers, of which 
there are many types, are: 

1. Moderate floor space. 

2. Ability to steam rapidly. 

3. Good water circulation. 

4. Adapted to high pressure. 

5. Easily transported and erected. 

6. Easily repaired. 

7. Not easily cleaned. 

8. Rate of deterioration greater than for Lancashire boiler. 

9. Small water space, hence variation in pressure with varying 
demands for steam. 

10. Expensive setting. 

Marine boilers require no setting. Among their advantages 
and disadvantages may be mentioned: 



295 



1 



12 POWER STATIONS 

1. Exceedingly small space necessary. 

2. Radiating surface reduced. 

3. Good economy. 

4. Heavy and difficult to repair. 

5. Unsuitable for bad water. 

6. Poor circulation of water. 

Another type of boiler, known as the Economic, is a combi- 
nation of the Lancashire and multitubular boilers, as is the marine 
boiler. It is set in brickwork and arranged so that the gases pass 
under the bottom and along the sides of the boiler as well as 
through the tubes. It may be compared with other boilers from 
the following points: 

1. Small floor space. 

2. Less radiating surface than the Lancashire boiler. 

3. Not easily cleaned. 

4. Repairs rather expensive. 

5. Requires considerable draft. 

As regards first cost, boilers installed for 150 pounds pressure 
and the same rate of evaporation, will run in the following order: 
(Calloway and Marine, highest first cost, Economic, Lancashire, Bab- 
cock & Wilcox. The increase of cost, with increase of steam pres- 
sure, is greatest for the Economic and least for the water- tube type. 

Deterioration is less with the Lancashire boiler than with the 
other types. 

The floor space occupied by these various types built for 150 
pounds pressure and 7,500 pounds of water, evaporated per hour, 
is given in Table 2. 

TABLE 2. 

Kind of Boiler. ^Sq^ 

Lancashire 408 

Galloway 371 

Kabcock and Wilcox 200 

Marine wet-back 120 

Economic 210 

The percentage of the heat of the fuel utilized by the boiler 
is of great importance, but it is difficult to get reliable data in re- 
gard to this. Table 3 is taken from Donkin's "Heat Efficiency of 
Steam Boilers", and will give some idea of the efficiencies of the 
different types. Economizers were not used in any of these tests, 
but they should always be used with the Lancashire type of boiler. 
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TABLE 3. 



Kind of Boiler. 



Lancashire hand-fired 

Lancashire machine-fired 

Cornish hand-tired 

Babcock and Wilcox hand-fired — 

Marine wet-back hand-fired 

Marine dry-back hand-fired 





Mean Effi- 




No. of Ex- 


ciency of 
two best 
Experi- 


Lowest 


periments. 


Efficiency. 


107 


ments. 


42.1 


79.5 


40 


78.0 


51.9 


25 


81.7 


53.0 


49 


77.5 


50.0 


6 


69.6 


62.0 


24 


75.7 


64.7 



Mean Effi- 
ciency of 
all Experi- 
ments. 



62.3 
64.2 
68.0 
64.9 
66.0 
69.2 



It is well to select a boiler from 20 to 50 pounds in excess of 
the pressure to be used, as its life may thus be considerably ex- 
tended, while, when the boiler is new, the safety valve need not 
be set so near the normal pressure, and there is less steam wasted 
by the blowing off of this valve. Again, a few extra pounds of 
steam may be carried just previous to the time the peak of the 
load is expected. For pressures exceeding 200 or, possibly, 150 
pounds, a water- tube boiler should be selected. 

In large stations, it is preferable to make the boiler units of 
large capacity, to do away as much as possible with the extra 
piping and fittings necessary for each unit. Water-tube boilers 
are best adapted for large sizes. These may be constructed for 
150 pounds pressure, large enough to evaporate 20,000 pounds of 
water per hour, at an economical rate. 

To sum up — For stations of moderate size and with medium 
pressures with plenty of space, use Lancashire or fire- tube boilers; 
for high pressure or large units, select water- tube boilers; where 
space is limited, install marine boilers, although they are not as 
safe as water-tube boilers for high pressures. 

Steam Piping. The piping from the boilers to the engines 
should be given very careful consideration. Steam should be 
available at all times and for all engines. Freedom from serious 
interruptions due to leaks or breaks in the piping is brought about 
by very careful design and the use of good material in construction. 
Duplicate piping is used in many instances. Provision must 
always be made for variations in length of the pipe with variation 
of temperature. For plants using steam at 150 pounds pressure, 
the variation in the length of steam pipe may be as high as 2.5 
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inches for 100 feet, and at least 2 inches for 100 feet should always 
he counted upon. 

Arrangement. Fig. 2 shows a simple diagram of the i% ring" 
system of piping. The steam ]>asses from the boiler by two paths 
to the engine and any section of the piping may be cut out by 
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tin' closing of two valves. Simple- ring systems have the following 

characteristics: 

1. The range, as the main pipe is called, must be of uniform size and 
large enough to carry all of the steam when generated at its maximum rate. 
*J. A damaged section may disable one boiler or one engine. 
'X Several large valves are required. 
1. Provision may be readily made to allow for expansion of pipes. 

Cross connecting the ring system, as shown in Fig. 3, changes 

these characteristics as follows: 

1. Size of pipes and consequent radiating surface is reduced. 
-. More \nl\es needed but thev are of smaller size. 
."►. Less easy to arrange for expansion of the pipes. 
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If the system is to be duplicated, that is, two complete sets of 
main pipes and feeders installed (see Fig. 4), two schemes are in use: 

1. Each system is designed to operate the whole station at maxi- 
mum load with normal velocity and loss of pressure in the pipes, and only 
one system is in use at a time. This has the disadvantage that the idle 
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Fig. a. 



section is liable not to be in good operating condition when needed. Large 
pipes must be used for each set of mains. 

2. The two systems may be made large enough to supply steam at 
normal loss of pressure when both are used at the same time, while either 
is made large enough to keep the station running should the other section 
need repairs. This has the advantages of less expense, and both sections 
of pipe are normally in use; but it has the disadvantages of more radiating 
surface to the pipes and consequent condensation for the sj> 'city 

for furnishing steam. 
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Complete interchangeability of units cannot be arranged for 
if the separate engine units exceed 400 to 500 horse power. Since 
engine units can be made larger than boiler units, it becomes nee- 
essary to treat several boiler units as a single unit, or battery, these 
batteries being connected as the single boilers already shown. For 
still larger plants the steam piping, if arranged to supply any 
engines from any batteries of boilers, would be of enormous sue. 
If the boilers do not occupy a greater length of floor space than 
the engines, Fig. 5 shows a good arrangement of units. Any 
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Fig. 4. 

engine can be fed from either of two batteries of boilers and the 
liability of serious interruptions of service due to steam pipes or 
boiler trouble is very remote. 

Material. Steel pipe, lap welded and fastened together by 
means of flanges, is to be recommended for all steam piping. The 
flanges may be screwed on the ends of sections and calked so as to 
render this connection steam tight, though in large sizes it is better 
to have the flanges welded to the pipes. This latter construction 
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costs no more for large pipes and is much more reliable. All 
valves and fittings are made in two grades or weights, one for low 
pressures, and the other for high pressures. The high -pressure 
iittings should always be used for electrical stations. Gate valves 
should always be selected and, in large sizes, they should be pro- 
vided with a by-pass. 

Asbestos, either alone or 
with copper rings, vulcan- 
ized india rubber, asbestos 
and india rubber, etc., are 
used for packing between 
flanges to render them 
steam tight. Where there 
is much expansion, the ma- 
terial selected should l>e one 
that possesses considerable 
elasticity. Joints for high- 
pressure systems require 
much more care than those 
where steam is used at a 
low pressure, and the num- 
ber of joints should be re- 
duced to a minimum by 
using long sections of pipe. 
A list of the various fit- 
tings required for steam 
piping, together with their 
descriptions, is given in 
books on boilers. One pre- 
caution to bo taken is to 
see that such fittings do not 
become too numerous or 
complicated, and it is well 
not to depend too much 
be largo enough 
alize, 
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on automatic fittings. Steam separaf 
to serve as a reservoir of steam for t) 
to a certain extent, the velocity of flo' 
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In providing for the expansion of pipes due to change of 
temperature, " U " bends made of steel pipe and having a radios 
of curvature not less than six times, and preferably ten times the 
diameter of the pipe, are preferred. Copper pipes cannot be roc* 
ommended for high pressures, while slip expansion joints are most 
undesirable on account of their liability to bind. 

The size of steam pipes is determined by the velocity of flow. 
Probably an average velocity of 60 feet per second would be better 
than 100 feet per second, though in some cases where space is 
limited a velocity as high as 150 feet per second has been used. 

The loss in pressure in steam pipes may be obtained from the 
following formula: 

QVL 

where y>, - j> 2 = loss in pressure in pounds per sq. in. 

Q = quantity of steam in cu. ft. per minute. 

if = diameter of pipe in inches. 

L = length in feet. 

w = weight per cu. ft. of steam at pressure^. 

<* = constant depending on size of pipe. 

Values of »• are as follows: 

Diameter of pipe.. V r ' -" :; " 4 ' r >" * ; " "" 8" 9" 10" 

Value off fti.S 4V.J ,*.2.7 ."ni.l .'i7.S .Vi.4 5!>.5 60.1 GO. 7 61.2 til. 8 

Diameter of pip' 12" 14" 16" IS" 20" 22" 24" 

Value of <• 62.1 62.3 62.6 ti2.7 02.9 68.2 63.2 

In mounting the steam pipe, it should l>e fastened rigidly at 
one point, preferably near the center of a long section, and allowed 
a slight motion longitudinally at all other supports. Such sup- 
ports may be provided with rollers to allow for this motion, or the 
pipe may be suspended from wrought iron rods which will give a 
flexible support. Practice differs in the location of the steam pip- 
ing, some engineers recommending that it be placed underneath 
the engine room floor and others that it lie located high above the 
engine room floor. In any case it should be made easily access- 
ible, and the valves should lie located so that nothing will inter- 
fere with their operation. Proper provision must be made for 
draining the pi|>es. 
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All piping as well as joints should be carefully covered with a 
good quality of lagging as the amount of steam condensed in a bare 
pipe, especially if of any great length, is considerable. In select- 
ing a lagging the following points should be noticed. Covering for 
steam pipes should be incombustible, should present a smooth sur- 
face, should not be easily damaged by vibration or steam, and 
should have as large a resistance to the passage of heat as possible. 
It must not be too thick, otherwise the increased radiating surface 
will counterbalance the resistance to the passage of heat. 

The loss of power in steam pipes due to radiation is given as 
follows : 

II = .262/W. 

II = loss of power in heat units. 

// = diameter of pipe. 

L = length of pipe in feet. 

/• = constant depending on steam pressure and pipe covering. 

8team pressure in pounds (absolute) 40 (>o 90 115 

Values of r for uncovered pipe 487 555 «20 684 

Value of r for pipe covered with 12 inches of 

hair felt 48 58 M 78 

Referring to table in books on boilers, the relative values of 
different materials used for covering steam pipes may be found. 

Superheated Steam reduces condensation in the engines as 
well as in the piping, and increases the efficiency of the system. 
Its use was abandoned for several years, due to difficulties in 
lubricating and packing the engine cylinders, but by the use of 
mineral oils and metallic packing, these difficulties have been done 
away with to a large extent, while steam turbines are especially 
adapted to the use of superheated steam. The application of heat 
directly to steam, as is done in the superheater, increases the 
efficiency of the boilers. Table 4 shows the increase in boiler 
efficiency for a certain boiler test, the results being given in 
pounds of water changed to dry, saturated steam. Tests on vari- 
ous engines show a gain in efficiency as high as 9% with a super. 
heat of 80 3 to 100° F, while special tests in some cases show even 
a greater gain. 
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TABLE 4. 



■rib. 
Amoont ©f 



40 degreesF 7.8fi 9.90 

42 " 6.42 7. 

55 " 6.00 7. 

56.5 " 6.78 8.66 

55.2 " 7.1o 8.65 



Superheaters are very simple, consisting of tabular boilers 
containing steam instead of water, and either located so as to util- 
ize the heat of the gases, the same as economizers, or separately 
fired. They should be arranged so that they may be readily cut 
out of service, if necessary, and provision must be made for either 
flooding them or turning the hot gases into a by-pass, as the tubes 
would be injured by the heat if they contained neither water nor 
steam. 

FEED WATER AND FEEDING APPLIANCES. 

All water, such as can be obtained for the feeding of boilers, 
contains some impurities, among the most important of which as 
regards boilers are soluble salts of calcium and magnesium. Bicar- 
bonates of the alkaline earths cause precipitations on the interior 
of boilers, forming " scale". Sulphate of lime is also deposited 
by concentration tinder pressure. Scale, when formed, not only 
decreases the efficiency of the boiler but also causes deterioration, 
for if sufficiently thick, the diminished conducting power of the 
boiler allows the tubes or plates to be overheated and to crack or 
burst. Again, the scale may keep the water from contact with 
sections of the heated plates for some time and then, giving way, 
large volumes of steam are generated very quickly and an explo- 
sion may result. 

Some processes to prevent the formation of scale are used, 
which affect the water after it enters the boilers, but they are not 
to be recommended, and any treatment the water receives should 
affect it previous to its being fed to the boilers. Carbonates and 
a small quantity of sulphate of lime may be removed by heating 
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in a separate vessel. Large quantities of sulphate of lime must 
be precipitated chemically. 

Sediment, small particles of matter in suspension, must be 
removed by allowing the water to settle. Vegetable matters are 
sometimes present, which 
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cause a film to be deposited. 
Certain gases, in solution — 
such as oxygen, nitrogen, 
etc. — cause pitting of the 
boiler. This effect is neu- 
tralized by the addition of 
chemicals. Oil, from the 
engine cylinder, is particu- 
larly destructive to boilers 
and when present in the 
condensed steam must be 
carefully removed. 

Both feed pumps and 
injectors are used for feed- 
ing the water to the boilers. 
Feed pumps may be either 
steam or motor-driven. 
Steam-driven pumps are 
very inefficient, but they are 
simple and the speed is easily 
controlled. Motor-driven 
pumps are more efficient and 
neater, but more expensive and more difficult to regulate efficiently 
over a wide range of speed. Direct-acting pumps may have feed- 
water heaters attached to them, thus increasing the efficiency of 
the apparatus as a whole. The supply of electrical energy must 
be constant if motor-driven pumps are to be used. 

Feed pipes must be arranged so as to reduce the risk of fail- 
ure to a minimum, and for this reason they are almost always du- 
plicated. More than one water supply is also recommended if there 
is the slightest danger of interruption on this account ~*n- 

mon arrangement of feed-water apparatus is to inst 
pumps supplying either of two mains from w 1 



Fig. «. 



22 



POWER STATIONS 



TABLE 5. 

Giving Rate of Plow of Water, in Feet per Minute, through Pipes 
of Various Sizes, for Varying Quantities of Plow. 



Gallons 
per Min. 



5 

10 

15 

20 

25 

80 

85 

40 

45 

50 

75 

100 

125 

160 

175 

200 



X in. 
218 


1 in. 


l^in 
78% 


122V 


486 


245 


157 


658 


367% 


285% 


872 


490 


814 


1090 


612% 


892% 




785 


451 




857% 


549% 




980 


628 




1102% 


706% 
785 
1111% 

1 



lHln. 



54% 
109 
168% 
218 
272% 
327 
381% 
436 
490% 
545 

817% 
1090 



2 In. 

30% 
61 


2* in. 


Sin. 


19% 
88 


13% 
27 


91% 
122 


58% 

78 


40% 
54 


152% 
188 


97% 
117 


67% 
81 


213% 
244 


136% 
156 


94% 
108 


274% 
305 


176% 
195 


121% 
135 


457% 
610 


292% 
380 


202% 
270 


762% 
915 


487% 
585 


387% 
405 


1067% 
| 1220 


682% 
780 


472% 
540 



4 in. 



7% 
1*% 
28 

80% 

38% 
46 

61% 
69 
76% 
115 

153% 
191% 

280 

268% 

306% 



nections are taken. This is a complicated and costly system of 
piping. Fig. 6 shows a scheme used for feeding two boilers in 
which each pump is capable of supplying both boilers. Pipes 
should be ample in cross-section, and, in long lengths, allowance 
must be made for expansion. Cast iron or cast steel is the mate- 
rial used for their construction, while the joints are made by means 
of flanges lit ted with rubber gaskets. 

Table 5 drives the rate of flow of water in feet per minute 
through pipes of various sizes. A flow of 10 gallons per minute 
for each 100 11. I\ of boiler equipment should be allowed without 
causing an excessive velocity of flow in the pipes. 

BOILER FOUNDATIONS, FURNACES AND DRAFT. 

The economical use of coal depends, to a large extent, on the 
setting of the boiler and proper dimensions of the furnaces. 
Internally-tired boilers require support only, while the setting of 
externally-tired boilers requires provision for the furnaces. Com- 
mon brick, together with fire brick for the lining of portions 
exposed to the hot gases, are used almost invariably for boiler 
settings. It is customary to set the boiler units up in batteries 
of two, using a 20-inch wall at the sides and a 12-inch wall be- 
tween the two boilers. The instructions for settings furnished by 
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the manufacturers should be carefully followed out as they are 
based on conditions which give the best results in the operation of 
their boilers. 

Natural Draft is the most commonly used and is the most 
satisfactory under ordinary circumstances. In determining the 
size of the chimney necessary to furnish this draft, the following 
formula is given by Kent: 

A .06 F . , .06 F x2 

A = — — — or // = ( — r — ) 2 

A = area of chimney in sq. ft. 
h = height of chimney in ft. 
F = pounds of coal per hour. 

The height of chimney should be assumed and the area calcu- 
lated, remembering that it is better to have the chimney too large 
than too small. 

The chimney may be of either brick or iron, the latter having 
a less first cost but requiring repairs at frequent intervals. Gen- 
eral rules for the design of a chimney may be given as follows: 
The external diameter of the base should not be less than -fa of 
the height. Foundations must be of the best. Interiors should 
be of uniform section and lined with fire brick. There must be an 
air space between the lining and chimney proper. The exterior 
should have a taper of from fa to ] inch to the foot. Flues 
should be arranged symmetrically. 

Fig. 7 shows the construction of a brick chimney of good 
design, this chimney being used with boilers furnishing engines 
which develop 14,000 H. P. 

Mechanical Draft is a term which may be used to embrace 
both forced and induced draft. The different systems of mechan- 
ical draft are described in books on boilers. The first cost of 
mechanical-draft systems is less than that of a chimney, but 
the operation and repair are much more expensive and there is 
always the risk of break-down. Artificial draft has the advan- 
tage that it can be varied within large limits and it can be increased 
to any desired extent, thus allowing the use of low grades of coal. 

Firing of Boilers and Handling of Fuel. Coal is used for 
fuel to a greater extent than any other material, though oil, gas, 
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wood, etc., are used in some localities. Local conditions, such as 
availability, cost, etc., should determine the material to be used 
and no general rules can be given. Data regarding the relative 
heating values of different 
fuels show the following 
general figures: One pound 
of petroleum, about \ of a 
gallon, is equivalent, when 
used with boilers, to 1.8 
pounds of coal and there is 
less deterioration of the fur- 
nace with oil. 7A to 12 cubic 
feet of natural gas are re- 
quired as the equivalent of 
one pound of coal, depending 
on the quality of the gas. 2} 
pounds of dry wood is as- 
sumed as the equivalent of 
one pound of coal. 

When coal is used, it 
requires stoking and this 
may be accomplished either 
by band or by means of me- 
chanical stokers, many forma 
of which are available. Me- 
chanical etoking has the ad- 
vantage over hand stoking 
tbat the fuel may be fed to 
tbe furnace more uniformly 
and tbe fires and boilers are 
not subjected to sodden 
blasts of cold air as is the 
ease when the lire doors are 
opened ; a poorer grade of 
coal may be burned, if nec- 
essary, and the trouble due 
to smoke is much reduced. It may t<e eaid that mechanical 
stokers are used almost universally in the more important elec- 
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trical plants. Economic use of fuel requires great care in firing, 
especially if it is done by hand. 

Where gas is used, the firing may be made nearly automatic, 
and the same is true of oil firing, though the- latter requires more 
complicated burners, as it is necessary that the oil be vaporized. 

In large stations, operated continuously, it is desirable that, 
as far as possible, all coal and ashes be handled by machinery, 
though the difference in cost of operation should be carefully con- 
sidered before installing extensive coal-handling machinery. Ma- 
chinery for automatically handling the coal will cost from $7.50 to 
$10 per horse-power rating of boilers for installation, while the ash- 
handling machinery will cost from $1.50 to $3.00 per horse power. 

The coal-handling devices usually consist of chain -operated 
conveyors which hoist the coal from railway cars, barges, etc., to 
overhead bins from which it may be fed to the stokers. The 
ashes may be handled in a similar manner, by means of scraper 
conveyors, or small cars may be used. Either steam or electricity 
may be used for driving this auxiliary apparatus. 

It is always desirable that there be generous provision for the 
storage of fuel sufficient to maintain operations of the plant over 
a temporary failure of supply. 

STEAM ENGINES AND TURBINES. 

The choice of steam prime movers is one which is governed 
by a number of conditions w r hich can be treated but briefly here. 
The first of these conditions relates to the speed of the engine to 
be used. There is considerable difference of opinion in regard to 
this as both high and low-speed plants are in operation, which are 
giving good satisfaction. Slow-speed engines have a higher first 
cost and a higher economy. Probably in sizes up to 250 K.W. 
the generator should be driven by high-speed engines, above which 
the selection of either type will give satisfaction until sizes of say 
above 500 indicated horse power, when the slow-speed type is to 
be recommended. Drop valves cannot be used with satisfaction 
for speeds above about 100 revolutions per minute, hence high- 
speed engines must use direct-driven valve gears, usually governed 
by shaft governors. Corliss valves are used on nearly all slow- 
speed engines. 
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The steam pressure used should be at least 125 pounds per 
square inch at the throttle and a pressure as high as 150 to 160 
pounds is to be preferred. 

Close regulation and uniform angular velocity are required 
for driving generators, especially alternators which are to operate 
in parallel. This means sensitive and active governors, carefully 
designed fly-wheels and proper arrangement of cranks when more 
than one is used. 

For large plants or plants of moderate size, compound con. 
densing engines are almost universally installed. The advantage 
of these engines in increased economy are in part counterbalanced 
by higher first cost and increased complications, together with the 
pumps and added water supply necessary for the condensers. 
The approximate saving in amount of steam is shown in table 6, 
which applies to a 500 horse-power unit. 

TABLE 6. 

Engine. Pounds of Steam 

Simple non-condensing 80 

Simple condensing 22 

Compound non-condensing 24 

Compound condensing 16 

Triple expansion engines are seldom used for driving electric- 
al machinery as their advantages under variable loads are doubtful. 
Compound engines may be tandem or cross compound and either 
horizontal or vertical. The use of cross-compound engines tends 
to produce uniform angular velocity, but the cylinder should be so 
proportioned that the amount of work done by each is nearly equal. 
A cylinder ratio of about 31 to 1 will approximate average condi- 
tions. Either vertical or horizontal engines may be installed, each 
having its own peculiar advantages. Vertical engines require less 
floor space, while horizontal engines have a better arrangement of 
parts. Either type should be constructed with heavy parts and 
erected on solid foundations. 

Recently steam turbines have come into use, and the number 
of stations at present under process of design or construction which 
will use steam turbines is very large. Several types of turbines 
are described in the books on engines. In addition to these, a 



POWER STATIONS 27 



short review of the Curtis turbine will not be out of place since 
this is one of the types which is coming into extended use. 

The Curtis turbine is divided into sections, each section of 
which may contain one, two, or more, revolving sets of buckets 
and stationary vanes supplied with steam from a set of expansion 
nozzles. By this arrangement of parts the work is divided into 
stages, the nozzle velocity is reduced in each stage, and the energy 
of the steam is effectively given up to the rotating parts. This 
type admits of lower speeds than the other forms of turbines. 
Fig. 8. shows the arrangement of nozzles, buckets, and stationary 
blades or guiding vanes for two stages. Governing is accom- 
plished by shutting off the steam from some of the nozzles. A 
complete Curtis turbine of the vertical type, direct connected to a 
5,000 K.W. three-phase alternating-current generator, is shown 
in Fig. 9. 

The advantages claimed for this turbine are: 

1. High steam economy at all loads 

2. High steam economy with rapidly fluctuating loads. 

3. Small floor space per K.W. capacity, reducing to a minimum 
the cost of real estate and buildings. 

4. Uniform angular velocity. 

5. Simplicity in operation and low expense for attendance. 

6. Freedom from vibration. 

7. Steam economy not appreciably impaired by wear or lack of 
adjustment in long service. 

8. Adaptability to high steam pressure and high superheat without 
practical difficulty and with consequent improvement in economy. 

9. Condensed water is kept entirely free from oil and can be 
returned to the boilers. 

Many of these advantages apply equally well to the other 
types of turbines now on the market. All turbines are especially 
adapted to operation with superheated steam. 

Engines should preferably be direct-connected as already 
stated, but this is not always feasible, and gearing, belt, or rope 
drives must be resorted to. Countershafts, belt or rope driven, 
arranged with pulleys and belts for the different generators, and 
with suitable clutches, are largely used in small stations. They 
consume considerable power and the bearings require attention. 

Careful attention must be given to the lubrication of all run- 
ning parts, and extensive oil systems are necessary in large plants. 



311 



28 POWER STATIONS 

Id such systems a continuous circulation of oil over the bearings 
and through the engine cylinders is maintained by means of oil 
pnmpa. After passing through the bearings, the machine oil goes 
to a properly arranged oil-filter where it is cleaned and then 
pumped to the bearings again. A similar process is used in cyl- 
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WAGKAM OV NOZZLES AND BUCKETS IN CURTIS STEAM TUBOTNE. ! 

Fig. 8. I 

inder lubrication, the oil being collected from the exhaust steam 
and only enough new oil id added to make up for the slight amount 1 
lost. The latter system is not installed as frequently as the con-' 
timioua system for hearings. In the Curtis turbine, vertical type, 
the oil ia forced in between the two plates, forming the step bear- 
ing, at such a pressure that a thin film of oil is constantly main- 
tained between those plates. It may be arranged so that if, for 
any reason, this pressure fails, the steam will be cut off from the 
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turbine automatically. Tin* bearings which support the shafts 
used with the generators at the Niagara Kails Power Companies' 
plants are generously flooded with oil and the turbines are arranged 
so as to remove a great deal of the weight of the rotating part 
from this bearing. 

HYDRAULIC PLANTS. 

Because of the relative ease with which electrical energy niay 
be transmitted long distances, it has become Quite common to locate 




large power stations where there is abundant water power, and to 
transmit the energy thus generated to localities where it ia needed. 
This type of plant has been developed to the greateel extent in the 
western part of the United States, where in some cases the trans- 
mission lines are very cUi-naive. The power houses now completed, 
pr in the coins,' of ereetioa at Niagara Kails, are examples of the 
enormous size such stations may assume. 
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Before deciding to utilize water power for driving the ma* 
chinery in central stations, the following points should be noted: 

1 . The amount of water power available. 

2. The possible demand for power. 

3. Cost of developing this power as compared with cost of plants 
using other sources of power. 

4. Cost of operation compared with other plants and extent of 
transmission lines. 

Hydraulic plants are often much more expensive than steam 

plants, but the first cost is 
more than made up by the 
saving in operating ex- 
penses. 

Methods for the devel- 
opment of water powers 
vary with the nature and 
amount of the water supply, 
and they may be studied 
best by considering plants 
which are in successful 
operation, each one of 
which has been a special 
problem in itself. A full 
description of such plants 
would be too extensive to 
be incorporated here, but 
they can be found in the 
various technical journals. 
Water Turbines used for driving generators are of two general 
classes, reaction turbines and impulse turbines. The former may be 
subdivided into Parallel -flow, Outward-flow, and Inward-flow tur- 
bines. Parallel-flow turbines are suited for low falls, not exceeding 
30 feet. Their efficiency is from 70 to 72%. Outward-flow and 
inward-flow turbines give an efficiency from 79 to 88%. Impulse 
turbines are suitable for very high falls and should be used from 
heads exceeding say 100 feet, though it is difficult to say at what 
head the reaction turbine would give place to the impulse wheel, 
as reaction turbines are giving good satisfaction on heads in 
the neighborhood of 200 feet, while impulse wheels are operated 
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Fig. 10. 
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with falls of but 80 feet. The Pel ton wheel is one of the heist 
known types of impulse wheels. An efficiency as high as 80% is 




Fig. 11. 

claimed for this type of wheel under favorable conditions. Fig. 

10 shows a reaction wheel and Fig. 11 illustrates n I VI ton wheel. 

TABLE 7. 

Pressure ol Water. 



Feet 
Hend. 




Feet 


Pressure 


Squ»relnch. 




Square Inch. 


10 


1.33 


105 


45.48 


15 


6.49 


110 


47.64 


80 


8.66 


115 


49.81 


25 


10.82 


120 


51.98 


30 


IS. 96 


125 


54.15 


35 


15.16 


130 


56.31 


10 


17.32 


135 


58.48 


45 


18.40 


140 


60.64 


50 


21.65 


145 


62.81 


55 


23.82 


150 


64.97 


80 


25.90 


155 


67.14 


65 


28.15 


160 


69.31 


70 


30.32 


165 


71.47 


75 


32.48 


170 


73.64 


80 


34.65 


175 


75.80 


85 


36.82 


1H0 


77.97 


90 


38.08 


185 


80.14 


95 


41.15 


100 


82.30 


100 


43.31 


195 


84.47 



Hfi.O 
AS. SO 
B0. 90 

95.30 

97.40 
98.63 

101.79 
103.90 
106.13 
108.29 
110.40 
11 2JI-2 
114.70 
L10.1K1 
119.12 
iai .-in 

123.45 
125. 02 





I'miMii* 


tll-il<l. 


XS22&E&. 


295 ' 


127.78 


300 ' 


12!l.tr. 


31<) i 


KM. 28 


320 . 


138.62 


330 , 


142.(15 




147.28 


350 1 


I'll. 61 


300 


1 ;.:>. it! 


370 | 


100.27 


380 


104.01 


390 i 


168.04 


4011 , 


173.27 


HI) | 


•210 58 


liOO 


■2511.1*1 


700 1 


303.22 


800 i 


:nu.r.i 


!KN) 


:tw . wi 


1IMK) 


i:n, 18 








The fore bay leading to the flume should bo made of micli size 
that the velocity of water does not exceed 1A feet Tier wcond, and 
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TABLES. 
Riveted Hydraulic Pipe. 



un. of Pipe 
utlncbea. ; 



in^.lnch™. "°"^- 



' .._.. . ™ ™- **• Who I 

: H«6 Id Fm Pipe will coo- 
. u* Pipe will : rerputmtik. L 

I | P*r«e. 



Hi 


AH 


1U 


Is,", 


^5 




h; 


:'.tn 




:%i 


255 




Hi 


all 


12 


4.K! 


255 




Hi 


an 


11 




256 
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Riveted Hydraulic Pipe. (Continued.) 











Co. ft Watir 




«□. of Pipe 


Area of Pipe 

in sq. Inches. 


Thlcltnesn nt 
Iron by win 


Head In Feet 

safely stand. 


Pipe will con- 
vey per mln. 


Weight per 
Unealrt. In lbs 


18 


201 


10 


567 


255 


2»X 


18 


254 


16 


166 


320 


18 


254 


14 




320 


18 


254 


12 




320 


18 


254 


11 


424 


320 


no 


18 


254 


10 


505 


320 


34 


20 


314 


16 


146 


401) 


18 


20 


314 


14 


227 


400 




20 


314 


12 


346 


400 


30 


20 


314 


11 


380 


400 


32X 


.'■ 


314 


10 


456 


400 


36X 


22 


380 


16 


US 


480 


20 


22 


380 


14 


200 


4H0 


■M% 




380 


12 


316 


4H0 


■A-1% 


22 


380 


11 


i!47 


480 


85» 




380 


10 


415 


480 


40 


24 


452 


14 


188 


570 


•XH 


24 


452 


12 


290 


570 


«x 


24 


452 


11 


318 


570 


30 


24 


452 


10 


371) 




«x 


24 


452 


» 


466 


570 


53 


26 


MO 


14 


175 


670 


29V 


20 


580 


12 


267 


670 


38 y. 


26 


530 


11 


294 




42 


26 


580 


10 


352 


670 


37 


26 


530 


8 


432 


670 


biy. 


28 


615 


14 


102 


775 


nJ3 


28 


615 


12 


247 


775 


a% 


28 


615 


11 


273 


775 


45 


28 


615 


10 


:i27 


775 


50Ji 
61W 


28 


615 


8 


400 


775 


30 


706 


12 


231 


890 


44 


80 


706 


11 


254 


890 


48 


30 


706 


10 


304 


890 


54 


30- 


706 


8 


376 


890 


65 


30 


706 


7 


425 


890 


74 


36 


1017 


11 


141 


1300 


58 


36 


1017 


10 


155 


1300 


67 


36 


1017 


8 


1S2 


1300 


78 


36 


1017 


7 


210 


1300 


88 


40 


1256 


10 


141 


1600 


71 


40 


1256 


8 


174 


1600 


86 


40 


1256 


7 


189 


1600 


97 


40 


1256 


6 


213 


1600 


108 


40 


1256 


4 


250 


1600 


126 


42 


1385 


10 


135 


17(10 


74X 


42 


1385 


8 


165 


1760 


91 


42 


1385 


7 


180 


1760 


102 


42 


1385 


6 


210 


1760 


114 


42 


1386 


4 


240 


1760 


188 


42 


1385 


x 


270 


1760 


187 


42 


1385 


8 


300 


1760 


145 


42 


1385 


it 


321 


1760 


177 


42 


1385 


868 


1760 


218 
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it should be free from abrupt turns. The same applies to the tail 
race. The velocity of water in wooden flumes should not exceed 
7 to 8 feet per second. Riveted steel pipe is used for the penstocks 
and for carrying water from considerable distances under high 
heads. In some locations it is buried, in others it is simply- 
placed on the ground. Wooden -stave pipe is used to a large extent 
when the heads do not much exceed 200 feet. Table 7 gives the 
pressure of water at different heads, while Table 8 gives considers- 
ble data relating to riveted -steel hydraulic pipe. 

Governors are required to keep the speed constant under 
change of load and change of head. Various governors are manu- 
factured which give excellent satisfaction. 

TABLE 9. 

Horse Power per cubic foot of water per minute for different heads. 



Heads 

In 
Feet. 


Horse 


Heads 

in 
Feet. 


Horse 


Heads 

in 
Feet. 


Horse 


Heads 

in 
Feet. 


Horse 


Power. 


Power 


Power. 


Power. 


1 


.Q016098 


170 


.273666 


330 


.531234 


490 


.788802 


20 


.032196 


180 


.289764 


340 


.547382 


500 


.804900 


30 


.048294 


190 


.305862 


350 


.563480 


520 


.837096 


40 


.064392 


200 


.321960 


360 


.579528 


540 


.869292 


50 


.080490 


210 


.338058 


370 


.595626 


560 


.901488 


m 


.090588 


220 


.354156 


380 


.611724 


580 


.933684 


70 


.112686 


230 


.370254 


390 


.627822 


600 


.965880 


80 


.128784 


240 


.386352 


400 


.643920 


650 


1.046370 


90 


. 144892 


250 


.402450 


410 


.660018 


700 


1.126860 


100 


. 160980 


260 


.418548 


420 


.676116 


750 


1.207350 


110 


. 177078 


270 


.434646 


430 


.692214 


800 


1.287840 


120 


.193176 


280 


.450744 


440 


.708312 


900 


1.448820 


130 


.209274 


290 


.466842 


450 


.724410 


1000 


1.609800 


140 


.225372 


300 


.482940 


460 


.740508 


1100 


1.770780 


150 


.241470 


310 


.499038 


470 


.756606 






100 


.257568 


320 


.515186 


480 


.772704 







GAS ENGINES. 

There are at present, in the United States, several successful 
electrical installations using gas engines as prime movers, while 
they have been operated abroad for a greater length of time. The 
advantages for gas engines are given as follows: 

1. Minimum fuel and heat consumption. 

2. Light-load efficiency is higher than for the steam engines. 

3. Low cost of operation and maintenance. 
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4. Simplification of equipment and email number of auxiliaries. 

5. No heat lost due to radiation when engines are idle. 

6. Quick starting. 

7. Extensions may be easily made. 

8. High pressures are limited to the engine cylinders. 

Fig. 12 shows the efficiency and amount of gas consumed by 
a 550 H.P. engine, Pittsburg natural gas being used. 

The only auxiliaries needed are the igniter generators and the 
air compressors, with a pump fur the jacket water in some cases. 
These may be driven by a motor or by a separate gas engine. 
The jacket water may be utilized for heating purposes in many 
plants. Cooling towers may be installed where water ia scarce. 
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Fig. V>. 

Parallel operation of alternators when direct-driven by gas 
engines has been successful, a spring coupling being used between 
the engines and generators in some cases to absorb the variation in 
angular velocity. 

The fact that no losses occur, due to heat radiation when the 
machines are not running, and the lack of losses in piping, add 
greatly to the plant efficiency. If producer gas or blast furnac 
gas is used, a larger engine must be installed, to give the =*>• 
power, than when natural or ordinary coal gas is used. 
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stations are often combined with gas works, and gas engines can 
be installed in such stations to particular advantage in many 

THE ELECTRICAL PLANT. 



The first thing to be considered in the electrical plant is the 
generators, after which the auxiliary apparatus in the way of 
exciters, controlling switches, safety devices, etc., will be taken up. 
A general rule which, by the way, applies to almost all machinery for 
power stations is to select apparatus which is considered as u stand- 
ard" by the manufacturing companies. This rule should be fol- 
lowed for two reasons. First, reliable companies employ men who 
may be considered as experts in the design of their machines, and 
their best designs are the ones which are standardized. Second, 
standard apparatus is from 15 to 25£ cheaper than semi-standard 
or special work, owing to larger production, and it can be fur- 
nished on much shorter notice. Again, repair parts are more 
cheaply and readily obtained. 

Specifications should call for performance, and details should 
be left, to a very large extent, to the manufacturers. Following 
are some of the matters which may be incorporated in the specifi- 
cations for generators: 

1. Type aud treneral characteristics. 

'2. Capacity ami o\erI«»a»l with heatiug limits. 

3. Commercial efficiency at various loads. 

4. Excitation. 

5. S|>eed ami regulation. 

6. Floor space. 

7. Mechanical features. 

As to the type of machine, this will Ik? determined bv the 
system selected. They may Ik* direct-current, alternating-current, 
single or polyphase, or as in some plants now in operation, they 
may be double-current generators. The voltage, compounding, 
frequency, etc., should be stated. Direct-current machines are sel- 
dom wound for a voltage above 000, but alternating-current genera- 
tors maybe purchased which will give as high as 15,000 volts at the 
terminals. As a rule it is well not to use an extremely high volt- 
age for the generators themselves, but to use step-up transform- 
ers in case a very high line voltage is necessary. Up to about 
7,000 volts generators may be safely used directly on the line. 
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Above this local conditions will decide whether to connect the 
machine directly to the line or to step np the voltage. Machines 
wound for high potential are more expensive for the same capacity 
and efficiency, but the cost of step- up transformers and the losses 
in the same are saved by using such machines, so that there is a 
slight gain in efficiency which may be utilized in better regulation 
of the system, or in lighter construction of the line. On the other 
hand, lightning troubles are liable to be aggravated when trans- 
formers are not used, as the transformers act as additional protec- 
tion to the machines, and if the transformers are injured they 
may be more readily repaired or replaced. 

The following voltages are considered standard : 

Direct-current generators 125, 250, 550-{>00. 

Alternating-current systems, high pressure, 2,200, (>,000, 10,000, 
15,000, 20,000, 80,000, 40,000, 60,000. 

The generators, with transformers when used, should be capa- 
ble of giving a no-load voltage 10% in excess of these figures. 
25 and (50 cycles are considered as standard frequencies, the 
former being more desirable for railway work and the latter for 
lighting purposes. 

The size of machines to be chosen has been briefly considered. 
Alternators are rated for non-inductive load or a power factor of 
unity. Aside from the overload capacity to be counted upon as 
reserve, the Standardization Report of the American Institute of 
Electrical Engineers recommends the following for the heating 
limits and overload capacity of generators: 

Maximum values of temperature elevation, 

Field and armature, by reHistance, 50° C. 

Commutator and collector rings and brushes, by thermometer, 5.V C. 

Bearings and other parts of machine, by thermometer, 40 (.'. 

Overload capacity should be 25% for two hours, with a tem- 
perature rise not to exceed 15° above full load values, the machine 
to be at constant temperature reached under normal load, before 
the overload is applied. A momentary overload of 50% should be 
permissible without excessive sparking or injury. Some com- 
panies recommend an overload capacity of 507^> for two hours 
when the machines are to be used for railway purposes. 
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As a role, generators should hare a high efficiency over a con- 
siderable range of load, although the nature of the load will have 
much to do with this. It is always desirable that maximum effi- 
eiency be as high as is compatible with economic investment. 

Table lM gives reasonable efficiencies which may be expected 
for generating apparatus. In order to arrive at what may be con- 
sidered the best maximum efficiency to be chosen, the cost of power 
Ut-nr ration must be known, or estimated, and the fixed charges on 
capital invested must also be a known quantity. From the cost 
of pow?r. the saving on each per cent increase in efficiency can be 
•iric-niiined. ami ibis should be compared with the charges on the 
a'M:::oaa! investment necessary to secure this increased efficiency. 
A ccr:ai:i j«o::u will be found where the sum of the two will be a 
::.::.: mum. 

If a generator is to lie run for a considerable time at light 
loads, one with low •• no-load " losses should be chosen. These 
loss*-* are not rigidly fixed but they vary slightly with change 
of l».»ad. It is the same question of -all-day efficiency" which 
Is treated, in the case of transformers, in "Power Transmission". 
Ui.-ier ::««-!oa«l losses may be considered, in shunt-wound gener- 
:i:-»rs. friction lus-es. core losses, and shunt-field losses. PR losses 
::. ::.-■ sc-rivs :>■!■:. ::. ::»e armature, and in the brushes, vary as the 

■ » ■ • V. . » . • . • »t 4 • 

Table 10. 



Average Maximum Efficiencies. 

a. ■"■ Per Ont 
' 80 

:■» 88 

^ 90 

*• 92 

:-■ 98 

:>■■ 94 

"-•» 95 

1»>»» 96 

Pvnamos. if for direct current, may be self -excited, shunt- or 

compound-wound, or separately excited. Separate excitation is not 

recommended for these machines. Alternators require separate 

expiration, though they may W compounded by using a portion of 

e armature current when rectified by a commutator. Automatic 

ulation of voltage is always desirable, hence the general use of 
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compound. wound machines for direct currents. Many alternators 
using rectified currents in series fields for keeping the voltage 
nearly constant are in service in small plants as well as several of 
the so-called " compensated " alternators, arranged with special 
devices which maintain the same compounding with different 
power factors. The latter machine gives good satisfaction if 
properly cared for, but an automatic regulator, governed by the 
generator voltage and current, which acts directly on the exciter 
field, is taking its place. The capacity of the exciters must be 
such that they will furnish sufficient excitation to maintain normal 
voltage at the terminals of the generators when running at 50% 
overload. Table 11 gives the proper capacity of exciter for the 
generator listed. 

TABLE u. 

Exciters for Single-Phase Alternating-Current Generators. 

60 Cycles. 



Alternator 
Classification. 


Excite 
Classltica 

i > 


r 
tlon. 


J. ? 

- ft 


-3 
1. 

i 
J. 


8- 60-900 

8- 90-900 

8-120-900 

12 - 180 - 600 

16-300-450 


2-1.5- 
2-1.5- 
2 - 1.5 - 
2 - 2.5 - 
2 - 4.5 - 


1900 
1900 
1900 
1900 
1800 



If direct-connected, the speeds of the generators will be 
determined by the prime mover selected. If belt-driven, small 
machines may be run at a high speed, as high-speed machines are 
cheaper than slow- or moderate -speed generators. In large sizes, 
this saving is not so great. 

When shunt-wound dynamos are used, the inherent regula- 
tion should not exceed 2 to 3% for large machines. For alterna- 
tors, this is much greater and depends on the power factor of the 
load. A fair value for the regulation of alternators on non- 
inductive load is 10 per cent. 

Exciters may be either direct-connected or belted to the shaft 
of the machine which they excite, or they may be separately 
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driven. They are usually compound- wound aud furnish current 
at 125 or 250 volte. Separately driven exciters are preferred 
for moat plants as they furnish a more flexible system, and any 
drop in the speed of the generator does not affect the exciter 
voltage. Ample reserve capacity of exciters should be installed, 
and in some cases storage butteries, used in conjunction with 
exciters, are recommended in order to insure reliability of service. 

Motor-generator sets, boosters, frequency changers, and other 
rotating devices come under 
the head of special apparatus 
and are governed by the same 
general rules as generators. 

Transformers for step, 
ping the voltage from that 
generated by the machine up 
to the desired line voltage, or 
ttiee Vtr»t, at the substation. 
may be of three general types, 
according to the method of 
cooling. Large transformers 
require artificial ineiins of 
cooling, if they are not to be 
too bulky and expensive. 
They may !»' air-cooled, oil- 
cooled, or water-cooled, 

.1 ,V.,W,,/ tr«H*t»wr* 
tight pit fitted with one or mot 
into the pit. Tim transformer 
of the winding is at a great distan 
rided with duets. Separate dampi 
which jjasses between the eoi 
formers give good Hatisfaetio 




Fig. l: 



ill . 



ire usuam 

!• motor-driven blowers which feed 
coils are subdivided so that no pan 
• from air and the iron is pro 
control the amount of air 
r through the iron. Such trans. 
i for voltages up to 20,000 or higher, 
lilt for any ciiiKicity. (are must be taken to see that 
there is no liability of the air supply failing, as the capacity of the 
transformers is greatly reduced when not supplied with air. Fig. 
\\\ shown a three-phase air-blast transformer. 
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OU-COoUd trontfbi m rt h»W their cores and windings placed 
io a large tank tilled with oil. The oil serves to conduct the heat 
to the case, and the case is usually either made of corrugated sheet 
metal orof cast iron containing deep grooves, so as to increase the 
radiating surface. These transformers do not require such heavy 




Fig, li IHK.W. BdKJoolfd nil Transformer. 



insulation on the outside of the coils as air-blast machines because 
the oil serves this purpose. Simple oil-cooled transformers are 
seldom built for capacities exceeding 250 K.W. as they become 
too bulky, but they are employed for the highest voltages now in 
use. Fig. 14 shows a transformer of this type. 




1 



tubes arranged in coils in the top. Cold water jw^sea tbrouj 
these tubes and aids in removing heat from the oil. Some types 
have the low-tension windings made up of tubes through which 
the water circulates. Water-cooled transformers must not have 
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the supply of cooling water dlllt ulf for liny length of time when 
under normal load or they will overheat. Fig. 15 shows ;i water- 
cooled transformer. 

For connections of transformers, see •• Power Transmission". 




f'onl-,1 on Trj 



'ne or more spare tran a formers should always l>e on hand and 
t should be arranged so that they can lie put into service mi 
very short notice. 

Three-plntse transformers allow a considerable saving in floor 
space, as can be seen by referring to Kig. 10; they are cheaper than 
three separate transformers which uinke up the same capacity, but 
they are not us flexible ns a single-. phase transformer and one 
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complete uuit must be held for a reserve or ■* spue ** transformer. 
Storage Batteries. The use of storage batteries for cental 
stations and substations is clearly ontlined in " Storage Batteries ". 
The chief points of advantage may be enumerated as follows: 



nnnn 
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Single-Phase Atr-Blasl Transformer. Total Capacity 1,000 K.W. 




Thrrr- Phase Air-Blast Transformers. Total Capacity 8.000 K.W. 
Fig. 16. 

1. Reduction in fuel consumption due to the generating machinery 
being run at its greatest economy. 

2. Better voltage regulation. 

K. Increased reserve capacity and Jess liability to Interruption of 
service. 

The main disadvantage is the high coBt. 

Switchboards. Tbe switchboard is the most vital part of 
the whole system of supply, and should receive consideration as 
such. Its objects are: to collect the energy as supplied by the gen- 
erators and direct it to the desired feeders, either overhead or 
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under ground; furnish a support for the various measuring instru- 
ments connected in service, as well as the safetv devices for the 
protection of the generating apparatus; and control the pressure 
of the supply. Some of the essential features of all switch- 
boards are: 

1. The apparatus and supports must be fire-proof. 

2. The conducting parts must not overheat. 

3. Parts must be easily accessible. 

4. Live parts except for low potentials must not be placed on the 
ront of the operating panels. 

5. The arrangement of circuits must be symmetrical and as simple 
as it is convenient to make them. 

<>. Apparatus must be arranged so that it is impossible to make a 
wrong connection that would lead to serious results. 

7. It should be arranged so that extensions may be readily made. 

There are two general tyj>es — in the first, all of the switching 
and indicating apparatus is mounted directly on panels, and in the 
second, the current-carrying parts are at some distance from the 
panels, the switches being controlled by long connecting rods; op- 
erated electrically or by means of compressed air. The first may 
again be divided into direct -current and alternating-current switch- 
boards. It is from the first class of apparatus that the switchboard 
gets its name and the term is still applied, even when the board 
proper forms the smallest part of the equipment. Switchboards 
have been standardized to the extent that standard generator, ex- 
citer, feeder, and motor panels may be purchased for certain classes 
of work, but the vast majority of them are made up as semi-stand- 
ard or special. 

The leads which carry the current from the machines to the 
switches should be put in with very careful consideration. Their 
size should be such that they will not heat excessively when carry- 
ing the rated overload of the machine, and they should preferably 
be placed in fire-proof ducts, although low-potential leads do not 
always require this construction. Curves showing sizes for lead- 
covered cables for different currents are given in " Power Trans- 
mission ". Table 12 gives standard sizes of wires and cables to- 
gether with the thickness of insulation necessary for different 
voltages. Cables should be kept separate as far as possible so 
that if a fault does occur on one cable, neighboring conductors 
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will not he injured. For lamp and instrument wiring, such as 
leads to }X)tential and current transformers, the following sizes of 
wire are recommended: 

No. 16 or No. 14, wiring to lamp sockets. 

No. VI wire, c t " rubber insulation, all other small wiring under 000 
volts ]H)tential. 

N». 1-, A" rubber insulation for primaries of potential transformers 
from 1800 to :5,o00 volts. 

No. H, 3 v rubber insulation for primaries of potential transformers 
up to f>,«00 volts. 

No. 8, ^ rubber insulation for primaries of potential transformers 
up to 10,000 volts. 

No. 4, i\ rubber insulation for primaries of potential transformers 
up to 15,000 volts. 

No. 4, \\ rubber insulation for primaries of potential transformers 
up to 20,000 volts. 

No. 4. is rubber insulation for primaries of potential transformers 
up to 2.3,000 volts. 

Where high-tension cables leave their metallic shields they 
are liable to puncture, so that the sheath should be flared out at 
this point and the insulation increased by the addition of com- 
pound. Fig. 17 shows such cable bells, as they are called, as 
recommended by the (ieneral Electric Company. 

Central-station switchboards are usually constructed of panels 
about ( M) inches hi<di, from 10 inches to Hi) inches wide, and 11 
inches to 2 inches thick. Such panels are made of Blue Vermont, 
Pink Tennessee, or White Italian marble, or of black enameled 
slate. Slate is not recommended for voltages exceeding 1,100. The 
panels are in two parts, the sub- base being from 24 to 28 inches 
high. They are polished on the front and the edges are beveled. 
Angle and tee bars, together with foot irons and tie rods, form the 
supports for such panels, and on these panels are mounted the in- 
struments, main switches, or controlling apparatus for the main 
switches, as the case may be, together with relays and hand wheels 
for rheostats and regulators. Small panels are sometimes mounted 
on pipe supports. 

The usual arrangement of the panels is to have a separate 
panel for each generator, exciter, and feeder, together with what is 
known as a station or total -output panel. In order to facilitate 
extensions and simplify connections, the feeder panels are located 
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at one end of the board and the generator panels are placed at the 
other end, and the total-output panel between the two. The main 
bus bars extend throughout the length of the generator and feeder 
panels, and the desired connections are readily made. The instru- 
ments required are very numerous and a brief description only of 
a few of the more important can be given here. 

TABLE 12. 
Standard Wire and Cable. 

Wire (Solid). 



Area. 



Circular ' 
Mils. 



2,582 

4,106, 

6,530, 

16,510 

26,251' 

41,743 

66,373 

83,695 

105,503; 

133,079, 

167,805 

211,600 



Diara. 
Inches. 



Bare. 



.051 
.064 
.081 
.128 
.162 
.204 
.257 
.289 
.325 
.365 
.410 
.460 






V u 



Amp*. 



Thickness of Rubb«*r 
Insulation. 



No. 30 Dr. 
30 '* 

30 •» 
18 
5 



« » 



i 

."» 

I •» 
1 1 

s 



I 4 
ti 
il 
1( 

u 
(( 



1 5 il 

if 

1 7 " 



Con. 


r. 


_ 


M 


Current 


** ^S 






Capacity. 


1 






4 


: 




Sp** 


6 


a 






10 


3 
•U 


3 
3 3 




25 


3 


3 


s 


«U 


3 5 


3S 


40 


1 
IE 






60 


1 


3 

Hi 


ft 
3* 


90 


1 
1* 






110 


5 






130 


s 


3 
AS 


5 


170 


5 
•54 






205 


.> 
•14 






250 


•J 4" 


3* 


A 



X 

J5 



Special Insulation. 



3? 



3 J 



3* 



I ITS 



SI 



21 
«4 



t 1 

«4 



1 4 
3 2 



1 4 
32 



1 4 
3 2 



£ 



::i:ilt«\ 



n & s 



l«i 

14 



1 


8 




6 


H 


4 




2 




1 


li 





i 


00 




000 


a 


0000 



Cable. 

(Stranded.) 



Circular 
Mils. 



250,000 

300,000 

350,000 

400,000 

500,000 

600,000 

800,000 

1,000,000 

1,500,000 

2,000,000 



Diameter. 

Inches 

Bare. 



.568 

.637 

.680 

.735 

.820 

.900 

1.037 

1.157 

1.412 

1.65 



Terminal 
Drilling 



S' 

H" 

r 

!i" 



a 
1" 



1J" 

jP 

l?" 



Con. Curr. 

Capacity. 

Amps. 



290 
340 
380 
420 
500 
575 
710 
830 
1100 
1350 



Thickness of Rubber 

Insulation. 

(For 6000 V. only.) 



A 
A 

A 
A 
A 
A 

A 

A 
i 
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Wiped joint 



Wipad joint 



F . . w «xtra insutation 

Three-Conductor Cable With Joints. 

alberan* soap atone 




Two-Coaductor Cable With Joints. 

^albereno soapatoria^. 

. — !_ ■■ ft 

lextro. tnaulatio 



Single-Conductor Cable With Joints. 
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For direct current generator panels there are usually re- 
quired: 

1 Main switch. 

1 Field switch. 

1 Ammeter. 

1 Voltmeter. 

1 Field rheostat with controlling mechanism. 

1 Circuit breaker 

Bus ban and various connections. 

These may be arranged in any suitable order, the circuit 
breaker being preferably located at the top so that any arcing 
which may occur will not injure other instruments. Fig. ly gives 
a wiring diagram of such a panel. 

The main switch may be single or double throw, depending 
on whether one or two sets of bus 
bars are used. It may be triple 
pole as shown in Fig. IS, in 
which the middle bar serves as 
the equalizing switch, or the equal- 
izing switch may be mounted on a 
pedestal near the machine, in 
which case the generator switch 
would be double-pole. 

The field switch for large ma- 
chines should be double-pole fitted 
with carbon breaks and arranged 
with a discharge resistance con- 
sisting of a resistance which is 
thrown across the terminals of the field just before the main, cir- 
cuit is opened. One voltmeter located on a swinging bracket at 
the end of the panel, and arranged bo that it can be thrown across 
any machine or across the bus bars by means of a dial switch, is 
sometimes used, but it is preferable to have a separate meter for 
each generator. 

Small rheostats are mounted on the back of the j>anel, but 
large ones are chain operated and preferably located below the 
floor, the controlling hand wheel being mounted on the panel. 

The circuit breaker may be of the carbon break or the mag- 
netic blow-out type. Fig. 19 shows circuit breakers of both 
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types. Lighting panels foi ton potentials are often tiiti-<l with 
fuses instead of circo.it breakers, in which ease they may be open 
fuavs on the back of the panel or enclosed fuses on either t 
front or back of thy panel, 

Direct-Current feeder panels contain: 

l Ammeter. 

1 I 'in-int .Breaker. 

l or more main switches, single-pole, and single- or donUe-tfan 

i recording wattmeter, not always used 

Apparatus for eontrolluuj reirutalors when such are inteil. 



w 



Fig. 18. 
meter usually serves for several Eee 
meter being mounted abovu tlie iwinging bracket 

,ii tin d. Switches slioiiki preferably be of the 

i\ pe. t ig. '-''I i i « ■ ■ -s ■ some t z l i l ■ 3 j - 

Exciter Panels are nothing more than v 

smnll BCale. 



Total Output Panels contain i net rumen Is recording t In- total 
[»ower delivered by the plant to the switchboard. Alternating- 
current panels for potentials up to 1,100 volts follow tin- sum* 
general construction. Synchronizing devices are necessary on the 
generator panels, and additional ammeters are used for polyphase 
boards. Sometimes the exciter and generator panels are combined 
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in one. Fig. 21 shows such a combination. The same construction 
is sometimes used for voltages up to 2,600, though it is not usually 
recommended. The paralleling of alternators is treated in •• Man- 
agement of Dynamo Electric Machinery". 

Pot the bighei roltages, the measnring instruments are no 
longer connected directly in the circuit, and the main switch is not 
mounted directly on the panel. Current and potential trans- 
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formers are used for connecting to the indicating voltmeters and 
ammeters, and the recording wattmeters and potential transformers 
are used for the synchronizing device. These transformers are 
mounted at some distance from the panel, while the switches may 
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Pig. 20. 
1h' located near the panel and operated by a system of levers, or 
they may be located at considerable distance and operated by elec- 
tricity or by compressed air. 

Oil Switches are recommended for all high potential work 
(or the following reasons: By their nse it is possible to open cir- 
cuits of higher potential and carrying greater currents than with 
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any other type of switch. They may be made quite compact. They 
may readily be made automatic and thus serve as circuit breakers 
for the protection of machines and circuits when overloaded. 




Pig. 21. 

There are several types on the market. One constructed fur 
three-phase work, to be closed by hand and to be electrically 
tripped or opened by hand, is shown in Fig. 22. This shows the 
switch without the can containing the oil. Fig. 23 bIiows a similar 
switch hand-operated, with the can in place. Both of these 
switches are arranged to be mounted on the panel. Fig. 2-1 shows 
how the same switches are mounted when placed at some distance 
from the panel. For high voltages, they are placed in brick cells 
and often three separate single-pole switches are used, each placed 
in a separate cell so that injury to the contacts in one leg will in 
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no way affect the other parts of the switch. A form of oil switch 
used for the very highest potentials and currents met with in prac- 
tice, is shown in Fig. 23. This particular switch is operated by 
means of an electric motor, though il may be as readily arranged to 
operate by means of a solenoid or by compressed air. General 
practice is to place all high-tension bus bars and circuits in separate 
com part men Is formed by brick or cement, and duplicate bus bars 



are quite common 




* _> i 1 switches are made automatic by means of tripping mag- 
nets, which are connected in the secondary circuits of current 
transformers, or they may be operated by means of relays fed 
from the secondaries of current transformers ill the main leads. 
Such relays are made very compact and can 1h_* mounted on the 
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front or back of the switchboard panel?. The wiring of such trip, 
ping devices is shown in I 

With remote control of switches, the switchboard becomes in 
many instances mora properly a switch bouse, a separate building 
being devoted to the 1ms bars, switches, and connections. In other 
cases a framework of angle bars or gas pipe is made for the support 
of the switches, bus bars, current and potential transformer*, etc. 




Additional types of panels which may be mentioned are trans- 
former panels, usually containing switching apparatus only; rotary 
converter pan els for both the alternating-current and direct-current 
sides; induction-motor panels anil arc-board panels. The latter 
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Form K Oil Swiii'hes Located Above Form K Oil Switches Located Bick of Operating 

Opr.Ta.Unir Panul. Panel. 

Fig. SI. 
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are arranged to operate with ping switches. A single panel used 
in the operation of series transformers on arc-lighting circnits is 
shown in Fig. 27. 

Safety Devices. In addition to the ordinary overload trip, 
ping devices which have already been considered, there are various 
safety devices necessary in connection with the operation of cen- 
tral stations. One of the most important of these is th& lightning 
arrester. For direct-current work, the lightning arrester takes the 
form of a single gap connected in series with a high resistance and 
fitted with some device for destroying the arc formed by discharge 




to the ground. One of these is connected between, either side of 
the circuit and the ground, as shown diagrammatically in Fig. 28. 
A "kicking" coil is connected incircuit between the arresters and 
the machine to be protected, to aid in forcing the lightning dis- 
charge across the gap. In railway feeder panels such kicking 
coils are mounted on the backs of the panels. 

For alternating-current work, several gaps are arranged in 
series, these gaps being formed between cylinders of " non-arcing" 
metal. High resistances and reactance coils are UBed with these, 
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Op«n O re u iti nq Switch 



lb Continuous 
Currant Supply 

Fig. 26. 



as in direct-current arresters. 
Fig. 29 shows connections 
for a 10,000-volt lightning 
arrester. Lighting arresters 
should always be provided 
with knife blade switches so 
that they can be discon- 
nected from the circuit for 
inspection and repairs- A 
typical installation of light- 
ning arresters is shown in 
Fig. 80. 

Reverse-current relays are 
installed when machines or 
lines are operated in parallel. 
If two or more alternators 
are running and connected 
to the same set of bos bars, 
and one of these should fail 
to generate voltage by the 
opening of the field circuit, 
or some other cause, the 
other machine would feed 
into this generator and 
might cause considerable 
damage before the current 
flowing would be sufficient 
to operate the circuit breaker 
by mean a of the overload trip 
coils. To avoid this, re- 
verse-current relays are used. 
They are so arranged as to 
operate at say J the normal 
current of the machine or 
■en the power is being delivered in the 
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line, but to operate only 
wrong direction. 

Speed-limit devices are used on both engines and rotary con- 
verters to prevent racing in the one case and running away in the 
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second. Such devices act on the steam supply of engines and on 
the direct-current circuit breakers of rotary converters, respectively. 

Complete wiring diagram for a railway switchboard is shown 
in Fig. 31. 

Substations. Substations are for the purpose of transform- 
ing the high potentials down to such potentials as can be used on 




motors or lamps, and in many cases to convert alternating current 
into direct current. Step-down transformers do not differ in any 
respect from step. up transformers. Either motor-generator B6te 
or rotary converters may be used to change from alternating to 
direct current. The former consist of synchronous or induction 
motors, direct connected to direct-current generators, mounted on 
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the same bedplate. The generator may be shunt or compound 
wound, as desired. Rotary converters are direct-current genera- 
tors, though specially designed; they are fitted with collector ringB 
attached to the winding at definite points. The alternating cur- 
rent is fed into these rings and the machine runs as a synchronous 

Connections for series arc liohtinq circuits up to oooo volts 
Generator Reactance coil K 
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Connections forliqhtinq or power circuits 
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„ conductor wound 

I in a coil of two or 
more turns as con 
venient- 

Fig. 28. 

motor, while direct current is delivered at the commutator end. 
There is a fixed relation between the voltage applied to the alter- 
nating-current side and the direct-current voltage, which depends 
on the shape of the wave form, losses in the armature, pole pitch 
of the machine, method of connection, etc. The generally accepted 
values are as follows: 
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TABLE 13. 
Full Load Ratios. 

Current. Potential. 

Continuous 100 

Two-phase ( 550 volte 72.5 

and Six-phase ^ 250 " 73 

73.5 

62 

62 

63 
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it 

ii 



ana mx-pnase < zbu 
(diametrical) / 125 
Three-phase ( 550 
and Six-phase -J 250 
(Y or delta) ( 125 

The increase of capacity of six -phase machines over other 
machines of the same size is given in Table 1-1. 
This increase is due to 



Alternator 



eactance Coil 



the fact that, with a greater 
number of phases, less of the 
winding is traversed by the 
current which passes through 
the converter. The saving 
by increasing the number of 
phases beyond six is but 
slight and the system be- 
comes too complex. Kotary 
converters may be over-com- 
pounded by the addition of 
series fields, provided the re- 
actance in thealternatincr cir- 
cuits be of a proper value. 
It is customary to insert re- 
actance coils in the leads from 
the low-tension side of the 
step-down transformers to 
the collector rings to bring 

the reactance to a value which will insure the desired compounding. 
Again, the voltage may be controlled by means of induction regu- 

TABLE 14. 

Capacity Ratios. 

Continuous-current generator 100 

Single-phase converter 85 

Two-phase converter KV4 

Three-phase converter 134 

Six-phase converter 1N6 
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fetors placed in the alternating-current leads. Motor-generators 
are more costly and occupy more space than rotary converters, but 
the regulation of the voltage is much K»tter and they are to Ih» 
preferred for lighting purposes. 

Buildings. The jwwer station usually has a building devoted 
entirely to this work, while the substations, if small, are often 
made a part of other buildings. While the detail of design and 
construction of the buildings for power plants belongs primarily 
to the architect, it is the duty of the electrical engineer to arrange 
the machinery to the best advantage, and he should always be con- 
suited in regard to the general plans at least, as this may save 
much time and expense in the way of necessary modifications. 
The general arrangement of the machinery will be taken up later, 
but a few points in connection with the construction of the build- 
ings and foundations will be considered here. 

Space must be provided for the boiler, — this may lx» a sepa- 
rate building — engine and dynamo room, general and private 
offices, store rooms and repair shops. Very careful consideration 
should be given to each of these departments. The boiler room 
should be parallel with the engine room, so as to reduce the neces- 
sary amount of steam piping to a minimum, and if both rooms 
art in the same building a brick wall should separate the two, no 
openings which would allow dirt to come from the boiler mom to 
the engine room being allowed. The height of both boiler and 
engine rooms should be such as to allow ample headway for lifting 
machinery and space for placing and repairing boilers, while pro- 
vision should be made for extending these rooms in at least one 
direction. Both engine and boiler rooms should be fitted with 
proper traveling cranes to facilitate the handling of the units. In 
some cases the engines and dynamos occupy separate rooms, but 
this is not general practice. Ample light is necessary, esj>ecially 
in the engine rooms. The size of the offices, store rooms, etc., will 
depend entirely on local conditions. 

The foundations for both the walls and the machinery must 
be of the very best. It is well to excavate the entire space under 
the engine room to a depth of eight to ten feet so as to form 
a basement, while in most cases the excavations must be made to a 
greater depth for the walls. Foundation trenches are sometimes 
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filled with concrete to a depth sufficient to form a good under- 
footing. The area of the foundation footing should be great enough 
to keep the pressure within a safe limit for the quality of the soil. 







The walls themselves may be of wood, brick, stone, or concrete. 
Wood is used for very small stations only, while brick may be 
used alone or in conjunction with steel framing, the latter con- 
etruction being used to a considerable extent. If brick alone is 
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used, the walls should never be less than twelve inches thick, and 
eighteen to twenty inches is better for large buildings. Thej 
must be amply reinforced with pilasters. Stone ia used only for 
the most expensive stations. The interior of the walls ia formed 
of glazed brick, when the expense of such construction is war- 
ranted. In fireproof construction, which ia always desirable for 
power stations, the roofs are supported by steel tniBses and take a 
great variety of forms. Fig. 32 shows what has been recommended 
as standard construction for lighting stations, showing both brick 
and wood construction. The floors of the engine room should be 
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madu of some material which will not form grit or dust. Hard 
tile, unglazed, set in cement or wood floors, is desirable. Storage 
battery rooms should be separate from all others and should have 
their interior lined with some material which will not be affected 
by the acid fumes. The best of ventilation is desirable for all parts 
of the station, but is of particular importance in the dynamo room 
if the machines are being heavily loaded. Substation construction 
does not differ from that of central stations when a separate build- 
ing is erected. They should be fireproof if possible. 

The foundations for machinery should be entirely separate 
from those of the building. Not only must the foundations be 
stable, but in some locations it is particularly desirable that no 
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vibrations be transmitted to adjoining rooms and buildings. A 
loose or sandy soil does not transmit such vibrations readily, bnt 
firm earth or rock transmits them almost perfectly. Sand, wool, 
hair, felt, mineral wool, and asphaltum concrete are some of the 
materials used to prevent this. The excavation for the foundation is 
made from two to three feet deeper and two to three feet wider on 
all sides than the foundation, and the sand, or whatever material 
is used, occupies this extra space. 
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Brick, stone, or concrete is used for building up the greater 
part of machinery foundations, the machines being held in place 
by means of bolts fastened in masonry. A template, giving the 
location of all bolts to be used in holding the machine in place, 
should be furnished, and the bolts may be run inside of iron pipes 
with an internal diameter a little greater than the diameter of the 
bolt. This allows Borne play to the bolt and is convenient for the 
final alignment of the machine. Fig. 33 gives an idea of this con. 
straction. The brickwork should constat of hard-burned brick of 
the best quality, and should be laid in cement mortar. It is well 
to fit brick or concrete foundations with a stone cap, forming a 
level surface on which to set the machinery, though this is not 
necessary. Generators are sometimes mounted on wood bases to 
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furnish insulation for the frame. Fig. 34 shows the foundation 
for a 150 K.W. generator, while Fig. 85 shows the foundation fix 
a rotary converter. 




Station Arrangement. A few points have already been 
>tt-d in regard to station arrangtment, hut the importance of the 
bject demands a little further consideration. Station arrange- 
ment depends chiefly upon two 
facts— the location and the ma- 
chinery to l)e installed. Un- 
■limbtedly the best arrangement 
is with all of the machinery on 
one floor with, perhaps, the oper- 
ating switchboard mounted on a 
gallery so that the attendants 
may have a clear view of all the 
machines. Fig. 3f> shows the 
simplest arrangement of a plant 
using belted machines. Fig. 37 
shows an arrangement of units 
Direct -current machines should he 
easily accessible 
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Fig. 36. 



where a jack shaft is 

placed so that the brushes and commutators 

and the switchboard should be placed so ag to not he liable to 

accidents, such as the breaking of a belt or a fly-wheel. 
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When the cost of real estate prohibits the placing of all of 
the machinery on one floor, the arrangements shown in Fig. 38 
may be used when the machines are belted. It is always desirable 
to have the engines on the main floor, as they cause considerable 
vibration when not mounted 
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on the best of foundations. 
The boilers, while heavy, do 
not cause such vibration and 
they may be placed on the 
second or third floor. Belts 
should not be run vertically, 
as they must be stretched too 
tightly to prevent slipping. 

Fig. 39 shows a large 
station using direct-connected 
units, while Fig. 40 shows the arrangement of the turbine plant 
of the Boston Edison Electric Illuminating Company. This sta- 
tion will contain twelve such 5,000 K.W. units when completed. 
Note the arrangement of boilers when several units are required 
for a single prime mover. The use of a separate room or building 

for the cables, switches, and 
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Fig. 37. 



•1 

nT'"\ • 





- operating boards is becoming 
quite common for high-tension 
generating plants. The remark- 
able saving in floor sj>ace brought 
about by the turbine is readily 
seen from Fig. 41. The total 
floor space occupied by the new 
Boston station is 2.04 square 
feet per K.W. This includes 
boilers — of which there are eight, 
each 512 H.P. for each unit — 
turbines, generators, switches, 
and all auxiliary apparatus. 

When transformers are used 
for raising the voltage, they may 
be placed in a separate building, as is the case at Niagara Falls, or 
the transformers may be located in some part of the dynamo rooir 
preferably in a line parallel to the generators. 
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Fig. 42 shows the arrangement of units in an hydraulic plant. 
Fig. 43 is a good example of the practice in substation arrange- 
ment. Here the switchboard is mounted at one end of the room, 
while the rotary converters and transformers are arranged along 
either side of the building. 

Large cable vaults are 
installed at the stations 
operating on underground 
systems, the separate ducts 
being spread out, and 
sheet-iron partitions erect- 
ed to prevent damage be- 
ing done to cables which 
were not originally de- 
fective, by a short circuit 
in any one feeder. 

Station Records. In 
order to accurately deter- 
mine the cost of gener- 
ating power and to check 
up on uneconomical or 
improper methods of of or- 
ation and lead to their im- 
provement, accurately 
kept station records are of 
the utmost importance. 
Such records should con- 
sist of switchboard rec- 
ords, engine-room records, 
boiler-room records, and 
distributing-system rec- 
ords. Such records accu- 
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Fig. 38. 



rately kept and properly plotted in the form of curves, serve admir- 
ably for the comparison of station operations from day to day and 
for the same periods for different years. It pays to keep these 
records even when additional clerical force must be employed. 

Switchboard records consist, in alternating stations, of daily 
readings of feeder, recording wattmeters, and total recording watt- 
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meter, together with voltmeter and ammeter readings at intervals 
of about 15 minutes in some cases to check upon the average 
power factor and determine the general form of the load curve. 
For direct-current lighting systems volt and ampere readings serve 
to give the true output of the sta- 
tions, and curves are readily plotted 
from these readings. The voltage 
should be recorded for the bus bars 
as well as for the centers of distri- 
bution. 




Indicator diagrams should be taken from the engines at fre- 
queut intervals for the purpose of determining the operation of 
the valves. Engine-room records include lalior. use of waste oil 
and supplies, as well as all repairs made on engines, dynamos and 
auxiliaries. 
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Boiler- room records include labor aud repairs, amount of 
coal used, which amount may be kept in detail if desirable, i 
of water used, together with steam-gauge record and periodic* 
analysis of flue gases as a check on the methods of tiring. 

Records for the distributing system include labor and i 
terial used for the lines and s nidations. For multijile-wirt 
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systems, frequent readings of the current in the different feeders 
will serve as a check on the balance of the load. 

The cost of generating power varies greatly with the rate at 
which it is produced as well as upon local conditions. Station 
operating expenses include cost of fuel, water, waste, oil, etc., cost 
of repairs, labor, and superintendence. Fixed charges include, 
insurance, taxes, interest on investment, depreciation, and general 
office expenses. Total expenses divided by total kilowatt hours 
gives the cost of generation of a kilowatt hour. The cost of dis- 
tributing a kilowatt hour may be determined in a similar manner. 
The rate of depreciation of apparatus differs greatly with different 
machines, but the following figures may be taken as average values, 
these figures representing percentage of first cost to be charged up 
each year: 

Fireproof buildings from 2 to 3 per cent. 

Frame buildings from 5 to 8 per cent. 

Dynamos from 2 to 4 per cent 

Prime movers from 2% to 5 per cent. 

Boilers from 4 to 6 per cent. 

Overhead lines, best constructed, 5 to 10 per cent. 

More poorly constructed lines 20 to 30 per cent. 

Badly constructed lines 40 to 60 per cent. 

Underground conduits 2 per cent. 

Lead covered cables 2 per cent. 

Methods of Charging for Power. There are four methods 
used for charging consumers for electrical energy, namely, the fiat- 
rate or contract system, the meter system, the two-rate meter sys- 
tem, and a system by which each customer pays a fixed amount 
depending on the maximum demand and in addition pays at a 
reasonable rate for the power actually used. In the flat-rate 
system, each customer pays a certain amount a year for service, 
this amount being based on the estimated amount of power to be 
used. These rates vary, depending on the hours of the day during 
which the power is to be used, being greatest if the energy is to 
be used during peak hours. It is an unsatisfactory method for 
lighting service, as many customers are liable to take advantage 
of the company, burning more lights than contracted for and at 
different hours, while the honest customer must pay a higher rate 
than is reasonable in order to make the station operation profitable 
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This method serves much better when the power is used for d 
motors, and is used largely for this class of service. 

The simple meter method of charging serves the purj 
better for lighting, bill the rate here is the same no matter what 
hour of the day the cerrent la used. Obviously, since BMchtaefi 




Fig. 13. 



tailed to carry the peak of the load, any power used at this 
time tends to increase the capital outlay from the plant, and users 
should be required to pay more for the power at inch 

The two-meter rate accomplishes ibis purpose to a t 
extent. The meters are arranged so that they record al two r 
the higher rale being used during the hours of heal 

There are several methods of earning out the fourth schei 
In the Brighton System, fi fixed charge is madw each 
depending on I be maximum demand for power duri; 
month, n regular schedule of such < 
cost of the plant. An inl 
record the energy consumed, while :i eo-c 
records the maximum rate of demand. 
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A QUARTER CENTURY OP AMERICAN CENTRAL 

STATION ENGINEERING. 



Perhaps few of the younger generation engaged in the vari- 
ous brandies of electrical work realize that the central-station 
industry, so large and ]>ernianent an institution of our present 
civic life, is barely a quarter of a century old. Marvelous, indeed, 
has been the progress of this industry, and its wheels of invention 
and development are stilling whirling rapidly on. No engineer 
who values his reputation would venture to prophesy what the 
next quarter-century will bring us. 

Twenty -five years ago the commercial electric lump was 
unknown. To-day there are in service in the Tnited States alone 
nearly twenty million incandescent lamps, to say nothing of the 
tens of thousands of arc lamps and the few hundred thousand 
horse- power in electric motors. To-day nearly every city of any 
importance in America has an electric plant furnishing light and 
power to its citizens. Magnificent stations have sprung up in our 
large cities, representing millions of dollars in investment; and 
electricity is lieing distributed to nearly every corner of those 
cities. It may be of interest, then, to look back over the history 
of this industry, and see some of the steps by which it reached its 
present splendid growth. 

Ill all the world's history of industrial progress, perhaps no 
chapter is more full of scientific and heroic romance than that 
dealing with the birth of the electric-light industry. To the 
youth of to-day no story could give greater inspiration than that 
of the men who were the leading figures -the great minds and the 
energetic workers — during the early days of central -station devel- 
opment. These men contributed as much toward the nation's 
growth as did our warriors and our statesmen. Most of them are 
still with us, and are still active in solving engineering problems. 
It was the good fortune of the readers of the Electrical World 
and Engine* r to see, in its recent thirtieth anniversary issue, 
some interesting reminiscences of these early workers, and thw« 
have brought home to them the youthful age of the industry 
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is not the purpose of this paper, however, to relate biography, bat 
rather to treat of the more prosaic subject of the growth of the 
central station from its small beginnings to the magnificent pro- 
portions of to-day. 

BRUSH ARC SYSTEM. 

In 1879, there was erected in Cleveland, Ohio, a series-arc 
system designed by Charles F. Brash. The dynamo famishing 
current for these lamps had been built by Brush during the pre- 
ceding year. The electric arc itself had been discovered by Sir 
Humphry Davy in London about the year 1802, the source of 
current for his lamp being a battery of several thousand cells. As 
the dynamo had not at that time come into existence, the commer- 
cial importance of the discovery was not then apparent. 

From this first system of Brush's, dates the history of com- 
mercial electric lighting in America. As stated, the lamps of this 
system were ail connected in series, so that the same current 
passed through ail of them. With many lamps on the circuit 
this required a fairly high voltage. The efforts of many investi- 
gators were then directed toward developing an incandescent lamp 
for these circuits so that the lights could be used indooro where 
the arc lamps would be too brilliant. In order to obtain a lamp 
requiring only a low voltage, which is a desirable feature in series 
connection, a lamp of low resistance is necessary. 

EDISON CONSTANT-POTENTIAL SYSTEfl. 

The master mind of Thomas Edison soon saw that a series 
system with high vol taw on each line would never become com- 
mercially successful for general house lighting; therefore he set 
about to design a system which should properly meet the required 
conditions. On February 5, 1SS0, he patented a constant-potential 
system consisting of feeders and mains, with the load connected in 
parallel, or multiple arc, between the two wires forming the posi- 
tive and the negative conductors, as shown in Fig. 1. How well 
this succeeded is evidenced by the present almost universal use of 
this system of connection. Obviously, a low- resistance lamp 
would not do on a constant-potential circuit; Edison, therefore, 
first developed a high -resistance lamp. His success in this is well 
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known. His patent for the lamp is dated November 4, 1879. In 
December of that year lie had a numlier of these lamps on exhibi- 
tion at his lal>oratory in Menlo Park, and the following year he 
equipped his house and grounds with the lamps. The newspapers 
of the time were filled with accounts of what the *• Wizard of 
Menlo Park" had accomplished, and visitors flocked to the town 
in great numbers to see the lights. 

The first Edison plant for the public supply of current was 
located at Appleton, Wisconsin, where in 1881, was installed one 
of the first of the lanky bipolar dynamos, connected by a belt to a 
water wheel in a little wooden shed. The first central station for 
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general distribution of current to incandescent lamps was started 
January 12, 1882, at Ilolborn Viaduct in London, England. The 
second and the third Jumbo dynamos (so named because of their 
bulk), built by Edison in America, furnished the current for this 
system. They weighed twenty-three tons each, and had a com- 
bined capacity of 3,000 lights. The first of these machines built 
by Edison was sent to the Paris Exposition of 1881. By October, 
1882, the Edison Manufacturing Company had installed in all 
123 plants, with a total of about 22,000 lamps. 

The Edison Tube. During this time Edison's attention had 
been directed toward laying out a system for the city of New York. 
In such a city it was desirable to have the system underground. 
Accordingly, the Edison tul>e was designed. This consisted 
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two half-round copper bars laid in iron pipe to lengths of about 

twenty feet, ami insulated by means of a tar camponnd White 
there are still tnauy miles of tliese tubes giving g<w>d service, all 
new Underground work has for some years been done With lead- 

covered cables drawn into ducts laid in ibe streets, the coinieetious 




Pig- a 

being made in manholes. Fig. 2 shows a duct system made nf 
cement -lined iron pipe laid in a bed of concrete, 

Three-Wire Direct-Current System. Lata in 1882, E3i 
made a series of experiments -with, a view toward a more eeonoin 

distribution system, and be then devised the well-known three-wire 
system, in whieb two generators are connected in Beriea, and I 
conductor is connected to their junction, and run out into 
system as the neutral wire. This is illustrated in Fig, 3. By 
Decting the lights so that the load o:i the two sides of the systei 
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nearly balanced, a saving of about sixty per cent was effected in the 
amount of copper necessary to transmit the same energy. This is 
due to the fact that, in the three-wire system, the current is trans- 
mitted at 220 volts instead of at 110, thus requiring for the same 
number of watts only half as many amj>eres; and therefore a smaller 
wire can be used. If the load on the two sides of the system is 
not balanced, the difference between the current in the positive 
conductor and that in the negative will come back to the dynamos 
over the neutral wire. Dr. John llopkinson, in England, and 
Werner von Siemens, in Germany, devised similar systems at about 
the same time. 
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Fig. 3. 

It was not until 188-i that electric motors were lirst used in 
New York; and the arc lamp designed for parallel connection on 
the constant-potential circuit was not introduced until 1880. The 
success of the constant-potential arc lamps made it possible for 
central stations to do all classes of business with one system of dis- 
tribution — which was an important step in the march of progress. 
In 1890 the Duane Street Station was built in the heart of the 
Edison system, with a total engine capacity of 11,800 1 1. P. in 
direct-connected units. 

In Boston, the Edison Electric Illuminating Com |>any was 
organized in I)eceml>er, 1885, and the first station was started in 
February of the next year, using the Edison three-wire system of 
distribution. In 1887, a second station was built to take care of 
the load in another section of the city. Here, for the iirst time, 
was adopted the method of using 220-volt motors on the Edison 
system, connecting them to the two outer mains instead of between 
one outer and the neutral (110 volts), as had heretofore been done. 

The Edison Companies. The good financial showing made 
by this company led to the formation of Edison Companies in many 
other cities, among the largest of which were Chicago and Phila- 
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delphia; and to the building of two up-town stations in New York. 
The original plant of the Western Edison Electric Light Company 
(now the Chicago Edison Company), a view of the dynamo room 
of which is shown in Fig. 4, was built at 139 Adams Street in 1887, 
and contained at iirst eight 100-K.W. Edison bipolar dynamos 
belted to four 250-II. P. engines located on the tluor below. In 
1891, additional dynamos and engines were added, until the total 
mracitv laaehed 8,400 K.W. 




In the summer of 1892, the big station at Harrison Strt 
representing the most modern central -station engineering of t 
time, was started; and the next year the Adams Street Station was 
dismantled. The center of distribution, however, was kept It 
Adams Street, the current generated at the new station, about 
3,000 feet away, being sent to this center over a trunk line con- 
sisting of twenty-eight Edison tubes and cables with a total sec- 
tional area of 66,000,000 circular mils. Of this, 9,000,000 CJn.of 
section was used for the neutral conductors, leaving 2S, 500,000 c.in. 
for each of the out Bides, that is, for the positive and the negative. 




CENTRAL STATION ENGINEERING 



In its onward march the Chicago Edkoa Company * 
a Dumber of plants, chief of which vac thai of the Chicago Arc 
Light & Power Company, located at Wa=hingioo Street and the 
river. The systems operated from this station at that time coo- 
sntod of series arcs, 500-toH direct current for power, and some 
133-ejch l>M)-rolt alternatibg-correrit lines. In 1S94, there 
were added the Wabash Arenoe Station near 27th Street on the 
South Side, with an Edisoo three- wire system and some series-arc 




lines; and the North Side Station at Clark and Oak Streets, which 
consisted solely of Edison generators connected to the usual three, 
wire system (Fig. 5). Fig. f> is a view of the switchboard at Har- 
rison Street Station. Fig. 6<* is a back view of the generator gal- 
lery of this board, and shows the heavy copper bus burs. Fig. 7 
is acroes-section of the engine and boiler rooms at Harrison Street 
Station, and Fig. 8 abowa one of the l.U'OO.H.l*. Soiithwark 
engines direct-connected to two 11 6- volt 100-K.W. generator!. 

One of these dynamos connects with the positive, and ll htl 

with tho negative, of the three-wire system. 

Conservative Brooklyn waited to see what BOMMI WW I bj 

electric -light companies in other cities before its capitalist* Bin- 
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barked on such enterprises, but in 1SS9 tliat city was added to tlie 
list of those having a central elation fur the production of elec- 
tricity. In that year the Edison Electric Illuminating Company 
oi Brooklyn built its tirst station on Pearl Street, and started 
operations with a load of 'i.'iiHi incandescent lainjis connected to 
the system. The dynamos used were four of the Edison hijiolar 
type of 100-K.W. capacity, each two of which were belted to a 




250-ILP. cnns-oomjHiuiid engine and were connected loan umh-r- 
ifronnd three-wire distribution system. In lSilii, the station wsh 
remodeled, and larger dynamos were introduced direct -con noctei I 
to vertical crnns-rom pound condensing engines. 

ALTERNATING-CURRENT SYSTEMS. 
The develo|inient of the alternating-current system in America 
is due largely to Mr. George Westingliouno, who, in |ss."V, hail 
built at Pittsburg, Pa., an experimental plant to work* nut (he 

»y ' " 



-stem devised by (laniard and Cuhhn in Kngland. The lirsi 



commercial result of •''« Wefltinghouse invcstigai 





by Bhallenberger, Stanley, and others, appeared in the plant in- 
stalled at Buffalo, N. V.. in November, 1886. The following 
year, Cm plants, with a total capacity of 136,000 lights, were built, 
and the increase thereafter was rapid. 

With a direct-current three-wire system using 230 volts be- 

tweei tBlde conductors, it is uneconomical to transmit current 

much farther than one and n lialf miles, because of the prohibit- 
ively large amount of copper necessary to beep down (he losa in 
the feeders. The resistance of h conductor varies with the length; 
anil as it requires the expenditure of energy to send a current over 
!i resistance, obviously a high resistance means a large amount of 
energy lost in the transmission. 1'v increasing the cross-section 
of the feeder, this resistance can be kept low; but the cost of the 
feeder would then he prohibitive. By means of the alternating- 
current system with Btatiu transformers, connected as shown in 
Ug, 9, energy can be transmitted at a much higher vultage from 
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the station. The higher the voltage of transmission, the smaller 
will be the current (amperes) for a given energy (watts); there- 
fore with the high-voltage system, a given energy can be trans- 
mitted over a much smaller wire than would be required for that 
same energy at a low voltage. In the transformers placed at or 
near the point w T here the current is to be used, the pressure is 
"stepped down" to the voltage of the lamps on the circuit. 
The regulation — that is, 
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the steadiness and constancy — 
of the voltage of these alterna- 
ting-current lines, was very 
much poorer than that of the 
direct-current system. This 
was largely due to the effects 
of self-induction, which is ever 
present with alternating cur- 
rents. The early incandescent 
lamp used on the direct-current 
110-volt systems was rather delicate, and had only a short life when 
burned on a circuit in which the pressure fluctuated very much. 
Consequently, it could not be used economically on the existing alter- 
nating-current lines. A 50-volt lamp could be made far more stable, 
and, largely becausq of this, the secondaries of the early transformers 
were wound for 50 volts. The primaries were wound for use on 
1,000-volt circuits — which was then considered as high as desirable, 
because of the difficulties of insulating the line, the transformers, 
and other apparatus on which this voltage was applied. Rapid 
advance, however, was made in the art of insulating, and soon this 
primary pressure was doubled. Most of the city A. C. distributing 
systems now have a primary pressure of about 2,300 volts. It is 
interesting to note that the insulators used on the early European 
high-tension lines were constructed with a trough along the edge 
on the inner side, which was filled with oil in order to prevent cur- 
rent leaking over the surface of the insulator to the pin and thus 
to ground, by way of the cross-arm and pole, on wet days. 

One of the larger of the early stations for the generation and 
distribution of alternating current was built in St. Louis, Mo., in 
1889. The system adopted was single-phase, 1,200 volts, 60 
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parte artwork similar go that described for the dirtet-ennvat system, 
and shown in Fig. 1M. In this awe the feeders of the D. C. system 
replaced by the high-feaeion A. i". feeders and transformers, 




ru: li\ 

th- !*:>-.- "r»*i:iir :r»*;*:^i ;t- jAr: of tlu- feeder>. Pressure win*? were 
fr,r i ri»i , :»-»i to th»- st-co:.d;»rirs of the transformers, and wen. run l»ack 
to th»- -tati«»:i voltmeter* to !*• used by the switchboard operator 
if: n-rnilating. 

An inter^tiiij: alti-rnatincr-current line was built l**tween San 
iWnardino and Pomona. California, in 1V.*1. Here a transmission 
pr»-.-.«ur»* of Ih.inn) volts was used, ohtaiiu-d by means of connecting 
thr 5' N). volt primaries of twenty transformers in series. Thus each 
tn*.iirfonnt-r had to haw insulation for a working pressure of only 
~><H) volts, which was comparatively easy to produce. 

* Note A current which alternates 130 times per second has 60 doable altenutttaas 

or • cycle*" per second. 
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In 1801, the celebrated three-phase transmission line from 
Lauffen to Frankfort, in Germany, was operated. Originally 
this was intended for transmitting energy generated by water power 
at Lauffen, to the city of Ileilbron, six miles away; but it was first 
used in the now famous transmission to Frankfort, a distance of 
110 miles, at the time of the Frankfort Exhibition. The dynamo, 
built at the Oerlikon Works in Switzerland, was star -con nee ted, and 
generated a star pressure of about 50 volts. 

In a three-phase star-connected generator, the armature wind- 
ings consist of three branches which are connected at one end to a 
common point. These branches are so placed on the armature core 
that the wave of the alternating pressure is set up in one coil a 
little later than is the wave of pressure set up in the coil imme- 
diately ahead of it, and a little sooner than the wave in the coil 
immediately back of it. These three pressures then follow each 
other in regular succession, the phase difference (the time between 
similar values of the different waves) being equal to one-third 
period.* The wires leading to the other ends of the three armature 
coils are called the "phase" wires, while the one connecting to 
their junction is the "neutral" wire. The pressure between a 
phase wire and the neutral is called the fc -star" pressure, while 
that between any two phase wires is called the u delta" pressure. 
This latter is 1.732 times as great as the star pressure. For 
greater safety in operation- -principally to prevent abnormal rises 
in pressure between a phase wire and earth — the neutral wire 
is thoroughly "grounded" by l>eing connected to a plate embedded 
in the moist earth. 

The 50 volts pressure generated at Lauffen was u stepped 
np" by transformers of 8,000 volts, delta, at which pressure the 
current was transmitted. 

DEVELOPriENT OF WATER POWERS. 

After the success of polyphase transmission had been thus 
established, a great impetus was given to the development of water 
powers, and the following years found this system adopted by 
many companies. One of the first of these in America was built 



•Note. A period is the fraction of a second for one complete cycle of the alterna- 
ting ware. 
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at Telluride, Colorado, in 1892. The original premie uaed here 
was 3.000 volts, three-phase, straight from the generator. As a 
result of an extended series of experiments made on this line in 
1896, much valuable data ires obtained regarding high-tension 
transmission ; and to-day there are many such systems, some oper- 
ated at a pressure as high as 40,000 volts, which is the ptia«re 
now used at Telluride, while a few others are going still higher. 
The limit to-day seems to be about 60,000 volts, but ev*a Oris 
may be increased as the art advances. 

The Sacramento-Folson line, in California, built in 10N, 
originally transmitted 1,000 H.P. at 11,000 volts, thrrn phsan 
The generators were wound to give a pressure of 800 volts* and 
this was raised in transformers to 11,000 volts. 
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The Mechanics ville, N. Y., and the Snoqualmie Falls, Wash., 
plants are the most important three-phase transmission systems 
built in 1898. In the former, a transmission pressure of 12,000 
volts, 38 cycles, was adopted; while in the latter, the generated 
pressure of 1,000 volts, 50 cycles, were stepped up to 25,000 volts. 

Many of the polyphase stations built in the early nineties 
were equipped with N t wo- phase generators. The two-phase currents 
were then stepped up and transformed to three-phase currents 
by means of a scheme of connections devised by Mr. Charles F. 
Scott. This connection is shown in Fig. 11. In this diagram, T 
and T, are two transformers, the primaries of which have the same 
number of turns and are connected to the two phases of the two- 
phase circuit. The secondary of T has only .866 times the turns of 
the secondary of T a . By connecting one end of the secondary of T to 
the middle of the secondary of T.„ as shown, three-phase currents of 
equal pressures on each phase are obtained from these secondaries. 
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Hie best known example of thii ia the Bjitem at Niagara 
Falls, N. Y., wh re 25-cycle two-phase cnrrenta, generated at 2,200 
volts, are transformed to three-phase cnrrenta at 22,000 volts, at 
which pressure the energy ia transmitted to Tonawanda and to 
Buffalo, the latter being about twenty miles from die station. 
When this station was first operated, in 1806, the transmission pres- 
sure was 11,000 volts. Since that day many high-tension trans- 
missions have Bprnng into existence; and the increase in voltage 
is keeping step with the improvement in insulators, as already 
noted. An interior view of Power House No. 1 at Niagara Falls 
is shown in Fig. 12. 

FUNCTION OF THE STORAOE BATTERY. . 

While these important developments in cross-country trans- 
mission were under way, the engineers of the nrban stations also 
bad a few problems to solve. The convenience and other desirable 
features of the use of electric 
light and power were now 
being widely appreciated, 
especially when the cost of 
the lamps was reduced ; and 
electric motors also were be. 
ing ii Bed more liberally, in 
sizes from one-fourth horse- 
power to 300 II. P. and 
larger. This meant a big in- 
crease in the load on the 
station, as well as in the aise 
of the district to be served. 
IIow to meet this increase 
economically, required an intelligent study of the problems of cur- 
rent distribution. As already noted, the distance over which it is 
economical to transmit current at a low voltage is limited; and, 
when the area to be served exceeds this limit, recourse must be had 
to more station* or to a higher distribution pressure. A study of 
the load curve of an average central station in a large city (Fig. 13) 
shows that the feeders are carrying their heavy current for but a 
short time each day. During all the remainder of the day, then, 
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the current in these feeders is comparatively small; also, much of 
the generating capacity of the station is idle, representing just so 
much investment inactive and earning no returns. If now, during 
the period of light load, a current, additional to the regular load, 
can be sent over these feeders, and if this current can be stored in 
some way in a location within but near to the economical limit, so 
that it can be used at the period of heavy load, this storage sub 
station will in turn become a point of distribution from which cur- 
rent can be sent out as far again as the economical limit. Here is 
where the storage battery tilled the want. In 1894 we find storage- 
battery substations installed in Boston and New York, and soon 
after companies in other cities adopted them. In Boston, a num- 
ber of battery substations were installed in the nearer outlying 
districts, all of them being connected with one another and with 
the steam station. The batteries are charged during the hours of 
light load by means of boosters, which form part of the substation 
equipment. Their usefulness, however, is not by any means limited 
to outlying districts. As an auxiliary to a generating station, it is 
considered good practice from the standpoint of economy to install 
a storage battery if the peak of the load does not exceed two and 
one-half hours. As a safeguard against interruption of service, 
and as a help in maintaining a uniform pressure on the system, 
they have been found almost invaluable. 

CONSOLIDATION OF PLANTS. 

The next step in the development was one of consolidation. 
Many cicies had been liberal in granting franchises to lighting 
companies, and as a result there were built within the same city 
many systems of various excellence and stability. To the engineers 
of the consolidated company was then presented the problem of 
unifying the systems; but the changes to the new system had to 
be made without sacrificing the value of the investment represented 
by the generating apparatus and lines of the existing stations. 
Such a change, naturally, was made step by step, and thus required 
several years. In addition to providing for the existing load, the 
new system had to be designed for the future, and the probable 
development in the line of various classes of electrical apparatus 
had to be considered. 
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In our larger American cities, the load coudition3 can be 
divided into two general classes — one, in which a large load is ctui- 
ountrated over a com para lively limited area, which is the down- 
town or business district; and the other, the residence district, 

uli.Tr i lie load is widely Mattered over a large area. In the down- 
town district, nearly iJII pel cent of the load goes to power user?. 




therefore the system had to be adapted to all classes of moloi 
service, as well as for lighting. For this service in such a district 
the Edison direct -current three-wire system is certainly the mo- 
satisfactory, and this system has been pretty generally adopted, 
permits the use of storage batteries; requires less copper tb.au dot 
the alternating-current system, because in it there is no loss due ti 
inductance; gives better regulation; aud is far better for genera 
all-around power service. 

To consolidate several systems of this class was a simp 
matter. It required merely that the separate networks of mains 1: 
tied together, and a uniform pressure kept on the system by e 
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station feeding into it. In the outlying districts, however, the 
problem was more complicated. Because of the scattered load, 
most of the systems feeding these districts used alternating current. 
But there was a wide divergence in regard to frequency and voltage. 
Some of the lilies were 1.000- volt: others, 2,000-voIl. Some used 
a frequency ol 128 cycles; others, 133 or even 144 cycles. The 
secondary pressure ranged from l'»4 Id 125 volts, while some of 
the earlier systems still maintained a secondary pressnre of 50 
volts. A few of the later station* had 2,000-volt lines, with a 
frequency of 00 cjcfea; and there were also polyphase (genendly 
two-phase) lines for serving a motor load. A view of an early 
al terna tiug -cur rent station is given in Fig. 14. 

High-Voltage Polyphase Systems. This conglomerate mass, 
then, had to be unified. A careful study of various systems showed 







Fig. IS. Polyphase Induction Motor. 



the four-wire three-phase system, with jl frequency of 50 to 60 
cycles, to lie the best suited to the distribution of such a load; and 
this system is being freely adopted. Good examples of it are found 
in Chicago, Milwaukee, St. Paul, and Cincinnati. The generator 
for this system is star- wound, with the neutral grounded, as already 
explained. The voltage at which this system is generally operated 
is 4,000 between phase wires. Tins gives a pressure of npproxi- 
mately 2,300 W)lta between any phase wire and the neutral; and 
the single-phase lighting feeders are switched on to this 2,300. volt 



A QUARTER CENTURY OF 



connection. The 
feeders are connected each 
to one of the phases and the 
neutral, bo that the three 
phases are approximately 
balanced. For a power load, 
then, connection is made to 
all three phases, and the 
motor is usually of the poly 
phase induction type, of 
which one is shown in Fig. 
15. Where the capacity of 
the motor is very small — 
under 3 H.P. — the single- 
phase type of induction 
motor, equipped with some 
special starting device, is 
often used. Step-down of the voltage to the service pressure is, of 
course, accomplished by means of the ordinary 2,300-volt static 
transformers. 
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In Fig. lli is seen a 150-light (7.5-K.W.) transformer on a 
The two wires coming down at the right are the 2,300-volt 
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primaries; while the three-wire secondaries, of llo volts per Bide, 
are brought up at the left. A diagram of a four- wire three-phase 
distribution is shown in Fig. IT; and in Fig. 1"< u Been B switch- 
board Installed for Buch a system. 

When tin? transmission distance is great, tins three phase 
preeaare can lie raised to any desired amount, and then slep[>ed 
down again at the substation, the local distribution again being 
done on 3,800-voIi single-phase feeders with a pressure i 'I' 1,000 
volts between phase wires. In some cities, a two 




Fig. 18. Suites twin! t->i i-Wiri- ii-l'hiis!' rtlMt-iiwurin Smrm 



whs adopted; while others, again, used the three-wire three-phase 
system (in which ;i neutral conductor is not used and nil load is 
connected between phase n iree). Brooklyn baa a two-phase 'J.-> n( i- 
vn|t 80-cycle Bystem in the residence Heetiun; Philadelphia also, 
though in the latter city the current is generated at 5,500 volts 
and stepped down to 2,800 volts alternating-current distribution. 
\ 500-volt two-phase generator is ahown in Fig. 19. For 
higher voltages the revolving-field type is used, thus avoiding 
■oUector rings and brushes for the high-voltage current. At the 

Booth Boston station of the Boston Electric Light « tompany n 

pari of the Boston Edison Illuminating Company), the generators 
are wound for 2,800-volt three-phase 60>cycla currents. 
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In tin- direct-current districts, the load often increased very 
heavily in sections somewhat remote from the generating or llie 
distributing center; and then it became a question of more stations, 
more copper, or some other additional means of transmission. To 
provide enough copper for satisfactory transmission ami regala- 
tion, would bankrupt a company. To build and operate a new 
generating station in each section of heavy load, would be aqnaUj 
ruinous. Consequently recourse is had to other means of trans- 
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omy of polyphase transmis- 
sion lines, already nientioned, 
showed that system to 1«- the 
propei one to adopt; and the 
three-phase system was chosen 
as the means to transmit cur- 
rent to substations located at 
or near the electrical centerof 
i he loud. Bach b transmission 
system, from ■ large altei Ha- 
ting -eurrent station in pref- 
erence to several direct-cur- 
rent generating stations, is 
considered good engineering 
whenever the total energy 
generated is targe M com- 
pared with that need at any 
one locality. The roitegede- 
termined ujam depended to 
some extent on the local conditions, but more largely on the 
efficacy of the insulation of underground cables, since in the citiee 
all lines must be below the surface. In the early days of under- 
ground cables, 5,000 volts was thought very high pressure; to.iby 
25,000 volts is not considered excessive; and a recent article in 
the Elertriral Aye stated that an underground cable system will 
soon be installed, to be operated at 30,000 volts. The inenlatirig 
material used in these high-tension cables cousistsof paper treat.il 
with a resinous compound, the thickness in the 30,000-volt cable 
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Vnjing about one-half inch. Over this is a lead sheath about jUinch 
thick, to protect the cable against moisture and mechanical injury. 
These cables are drawn into ducts laid below the surface in the 
streets. as shown in Fig. 2. 

One of the earliest instances of the use of a three-phase trans- 
mission to a substation, for conversion to direct current of an 
Edison system, was in Chicago, where, in 1S1*7, a 250-K.W. in- 
verse rotary converter, which converted direct current of 250 
volts to three-phase 25 -cycle currents was installed at the Harrison 
Street station. By means of step-up transformers, this pressure 
was raised to 4.50U volts, the pressure of the transmission. In 
the substation on Wal>ash Avenue, near Twenty -seventh Street, this 
voltage was stepped down again; and. after passing through the 
rotary converters, the current was fed into the direct -current system 
at 115 volts, one rotary !>eiucr connected to each side of the Edison 
system. Such was the humble beginning of the very extensive 
system of high -tension transmission lines and substations, which* 
at donble the initial voltage of 4,500. is now in operation in Chicago. 

In the same year there was installed in Brooklyn. N. Y., a 

similar transmission system with a rotary converter substation. 

• • 

Here the current was generated at tf.fiOO volts, 25 ovoles, three- 
phase, at the Union station, a similar system to that operated by 
the New York Edison Company. In the magnificent Waterside 
station of this latter company, there are at present eleven 5,500* 
H.P. vertical engines, each driving a 4,500- K.W. three-phase 
25-cycle 6,000- volt alternator. A 5,000- K.W. Curtis turbo- 
generator is being installed, and then* is room for four more. This 
will make a total rated capacity of 75,000 K.W., all power being 
generated as alternating current for transmission to rotary converter 
substations, from which it will feed into the Edison three-wire 
direct-current system. In the splendid new Fisk Street station in 
Chicago, 9,000-volt 25-cycle three-phase current only is generated, 
all by Curtis turbo-generators. Fig. 20 shows a Westinghonse- 
Parsons unit of 5,000 K.W. capacity. 

In Philadelphia, the 5,500-volt two-phase 60-cycle system, 
already referred to, is used for transmission to rotary converter 
substations, as well as for the alternating-current distribution. 
Fig. 21 shows a row of rotary converters of a substation located in 
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• heart of the business district 



tlif basement of a sky.f 
of Chicago. 

Where tin- loud connected to transmission lines consists solely 
of substation converting apparatus, a low frequency is desirable 
;ause of the aecomjianying low inductive and capacity reaeUnee 
of the lines, and also because of the slower speed of the syuchron- 
ous motors and rotary conveners which is had for a given number 
of field poles vuth a lower frequency. The higher the frequency, 

rlie greater the number of jiules required, or the greater the speed, 
iecause of the necessary number of commutator bars required be- 
: 




IFin- -ji Soiar; Coumrtwa in B— wmwn ■ >( QflhM Building. 
ween t T « - ■ brnahea of a I). ('. machine, and therefore also C 
otary converter, the distance, between the centers of the pole pit 
that is, the pole '• pitch "lean not be less than a certain filed lir 
fid, therefore, for a given speed, the lower frequency allows a far 
simpler and cheaper construction. The higher frequency machines 
a re also more liable to " hunt " especially when the load varies con- 
siderably. Furthermore, double-current generators having u com 
nutator connected to the armature windings for direct current, 
ind also having connections to collector rings from which alternat- 
ing current is taken off, are not practicable for frequencies much 
5 cycles. Tbese double current generators, producing botll 
fct and alternating current at the same time, form a very valu- 
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With the advent of polyphase transmission in connection with 
lighting and power systems, the old 500-volt power lines are 
gradually being abandoned, the power load being connected to the 
230-volt circuit of the Edison three-wire system, or, if in the out- 
lying districts, to the polyphase 60-cycle lines. Series arcs have 
already been largely displaced by constant-potential arc lamps. 
What this new system meant to the neighborhood in which the old 
stations were located, will be appreciated when one remembers the 
noise and dirt and smoke of these old stations, and then views Fig. 
22, a substation set in the rear of a lot in a line residence section. 

We have seen, then, how the high-voltage polyphase system 
has been evolved out of, and has unified, the mixed systems which 
were brought under one head during the era of consolidation. A 
study of some of the newest installations leads to the thought that 
perfection of system has almost been reached, and that further 
progress will be rather along the line of higher efficiency of appa- 
ratus at both ends of the system. When the true electrical era has 
arrived, when houses no longer have need of chimneys and all 
operations are performed electrically, then new problems will arise. 
How they will be met, none can now say; but they will be met 
successfully. Another Edison — many of them, perhaps — will 
arise; and then our splendid systems of today may ultimately be 
supplanted by one of which the most imaginative dreamer as yet 
has seen no vision. 



A GRAPHICAL METHOD OF RECORDING DATA OF 

BOILER TRIALS. 



The usual method of keeping the data of a boiler or en trine 
trial is to tabulate the readings. From these readings the results 
— which are also tabulated — are calculated. To the engineer in 
charge of the test, these figures are partially satisfactory, but for 
anyone else to get a good idea of their meaning, careful study is 
necessary. The tabulated figures give little information regardiug 
the uniformity of conditions during the trial. 

To represent the readings and conditions so that anyone in. 
terested in the subject can know them at a glance, a graphical record 
may be made on co-ordinate paper. This chart has so many advan- 
tages that it is well worth the little trouble. For the liencfit of 
those not familiar with graphical representations on co-ordinate 
paper, a brief description is here given. 

LAYINQ OUT THE CURVES. 

The first thing to do is to find out the limits between which 
the readings are likely to vary. For instance, the steam pressure 
under working conditions will probably vary not more than ten or 
fifteen pounds. The engineer in charge of the plant usually 
knows the limits of feed-water temperature. After noting the 
variations of all the items, the limits may l>e laid off on the edge 
of the ruled paper. 

The scale to which the readings are plotted depends upon the 
item. It is quite evident that the feed-water temjveraturc curve 
should be plotted to a larger scale than the curve of fine tempera- 
tures. A little thought and calculation will easily settle these points. 

As an example, let us consider the accompanying table and 
Fig. 1. The table shows the readings taken during a certain boiler 
test recently, and the curves of Fig. 1 form the graphical record of 
the readings. The readings are given up to :* o'clock only, as 
these are sufficient to show the method. 

Of course, the layout varies with each test and the scales may 
be chosen to suit conditions. In Fig. 1, each small division ^ ver- 
tical) represents the following increments: 
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Caiui.. <r (i|uaU1y of steam) . . 

Wat 20 cub. ft. 

Coa 200 pounds 

Tim_ ilotted along the horizontal as shown. It will be 

ed that all the readings except those of the amounts of coal 
■e taken at half-hour intervals. 

LOO OF TEST. 
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After determining the starting-points, it is an easy matter to 
plot the curves. Let us take the flue temperature as an illastra- 
tion. From 7 o'clock to 8 o'clock, the temperature rises 40 degrees 
(500 - 400 = 40), and as one division equals 20 degrees (see table 
above), the curve rises two divisions as shown. At 9 o'clock the 
reading is 520 degrees, hence the curve rises one division. By re- 
membering the scales, each reading may be plotted as soon as taken. 
It is usually easier to plot the increase or decrease from the last 
reading; but if this is done, the plotted points should be verified 
occasionally by referring to the base-line of the curve in question. 

PLOTTING THE CURVES. 
For plotting the curves, the co-ordinate paper may be tacked 
on a hoard and kept in some convenient place so that each observer 
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may plot his readings immediately after taking them. This is ad- 
vantageous in that each observer need remember only his own 
scale and plot his own curve; but it may cause confusion, especially 
if there are many observers. If there is a sufficient number of 
observers, one may have charge of the plotting and either go 
around and get the observations, or tbe readings may be brought 
to him to plot and record as a duplicate table. 




The reading and plotting of pressures and temperatures will 
present no difficulty, because they can bo taken at stated intervals 
and the variation is slight. The coal and water, however, are not 
so easily taken care of. In tbe case of hand-firing, tbe coal may 
be weighed and supplied to the floor in front of the boiler in 200- 
pound lots. Or, all the coal for the test (as nearly as it is possible 
to estimate it) may be weighed at the start. If tho readings are 
to be plotted, it is well to supply the coal in 200-pound lots as 
needed. If the amount of coal kept in front of tbe furnaces is 
very slight, that is, if the 200- pound lots are recorded only at the 
time of firing, the curve showitig the amount of coal used will be 
quite satisfactory. 



AL METHOD OF RECORDING 

■e f the item of coal consumed cannot be recorded 

mter As the squared paper (see Fig. 1) allows 

> per ho, <ach space is the equivalent of six minutes', 

emembei r this scale, the time can lie plotted very 

Thus, ic ig. 1, the first lot of coal was fired at 7.30, 

d at 8.05, the third at 8.55, the fourth at P. 40, and bo on. 

h mechanical stoking, the curve of coal consumption 

•e plotted in this way, because the hoppers are tilled when- 

»sary and the amount of coal used betweeu any two inter - 

time must be estimated. This estimate would lw so 

le that it would he worthless. 

overcome this a speed counter may be attached to the feed 
im, and the readings taken at the given intervals. When 
is over, the amount of coal used per 100 revolutions of the 
onnter is easily found, since the total amount of coal BOB- 
<8 known, and the number of revolutions is known. In 
•y a curve may be plotted to show the coal consumption; it 
probably he as accurate as for hand-firing. 
t'he water fed to the boiler may be measured by a meter, in 
£, in barrels, or by any other convenient method. In Fig. 1, 
...3 amounts are in cubic feet as given by the meter. These read- 
ings may lie plotted as they are, or they maybe reduced to pounds 
by multiplying by a factor which varies with the temperature. 
This factor will approximate 62.4. If a water meter is nsed, it 
should be carefully calibrated so that the error in this item may 
be reduced to a minimum. 

In plotting the coal and water, it would be well to reduce the 
meter readings to pounds, and then plot both coal and water to 
the same scale. Tbis, however, is not at all necessary. 

It is a well-known fact that many short boiler tests show 
remarkable results as to evaporative efficiency. The excellence of 
these results is due largely to an incorrect estimation of the amount 
of fuel on the gates when starting and stopping. In making a 
test from a flying start, the conditions of the fires is carefully 
noted at the time the first readings are recorded. This usually 
occurs just after cleaning or a few minutes after cleaning. 

To eliminate these starting and stopping errors, the graph- 
ical method will be found of great assistance. To do this,: the 
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curves should be plotted carefully and then the two ends cut out. 
Aa the water level is usually marked at the beginning of the test, 
careful note should be made at each reading, so that, if the water 
is above or below normal, the amount tie allowed for. 

The curves shown in Fig. 1, nre constructed by connecting the 
points by straight lines. Some prefer to draw a smooth curve 
through these points. 




The graphical method show* inaccuracies in readings, such n* 
counting a lot of coal twice or reading the meter incorrectly. 
While this is especially true of a test made while running n inter a 
steady load, the graphical log is valuable also if the loud uncinates. 
for the curves for coal and water should show the same relative 
positions to each oilier. 

Fig. 2 is the graphical log from a lest .,f a small gas engine. 
It serves to show the application of tin- same principle to a differ- 



;aphical method of recording 



. lition to ili" r'urvf- shown, the cnrres for gaa used 

r ii ante- power jht hour may be plotted if there are 

fficieu era to measure the cards. 

Thi cal method t« equally valuable in teste of engines 

od oth tinery. With necessary modifications it may be 

»©d wl ig electrical machinery. 



REVIEW QUESTIONS. 



PRACTICAL TEST QUESTIONS. 

In the foregoing sections of this Cyclopedia 
numerous illustrative examples are worked out in 
detail in order to show the application of the various 
methods and principles. Accompanying these are 
examples for practice which will aid the reader in 
fixing the principles in mind. 

In the following pages are given a large number 
of test questions and problems which afford a valu- 
able means of testing the reader's knowledge ot the 
subjects treated. They will be found excellent prac- 
tice for those preparing for College, Civil Service, 
or Engineer's License. In some cases numerical 
answers are given as a further aid in this work. 



397 



RKVIKW QUESTIONS 

ON THE 8 1'UJKCT OK 

K T, 10 CTRIC LIGHTING. 

1. State the current, voltage, candle-power, and efficiency of 
the incandescent lamp, most commonly used^. 

2. What do you understand by the "smashing point"? 

3. Give the main points of difference between the three 
forms of arc lamp mechanism. 

4. Mention the three principal parts of the Nernst lamp. 

5. Describe with sketch the anti-parallel system of feeding. 
(). Prove the law that illumination varies inversely with the 

distance. 

7. Why is arc light photometry a more difficult problem 
than incandescent ? 

*. Calculate the illumination three feet above the floor at 
the center of a room 18 feet square and 12 feet high, lighted by 
four 10-candle-power lamps feet above the floor at the center of 
the side walls, assuming the coefficient of reflection to be 50%. 

9. What material is used for the filament of incandescent 
lamps? Explain why. 

10. From the curve given in Fig. -4, determine the efficiency 
which corresponds to the temperature of 1300° Centigrade. 

11. What is the object of double carbons in an arc lamp? 

12. What is meant by mean spherical candle-power? 

13. What is the function of the heater in the Nernst lamp? 

14. Describe the Punsen Photometer. 

15. How does the lighting of public halls differ from that of 
residences '( 

16. Why cannot platinum wire be used for the filament of 
incandescent lamps '( 
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ELECTRIC UGHITCG 

IT. In » direct-en rrent arc lump, which carbon liom* away 
jni'iv rapidly! 

1- Biff urn are tamps rated ! 

!ii. What in the important advantages nf the two-win: 
par&IM fjMMi ••( <i'i*trihntum I 

9(1 Name and describe the most desirable standard for pho- 
tometric RMMnuMnte- 

21. II. nv many measurements shonld lie taken in the deter- 
mination nf «pherie»l intensity f 

22. What ia meant by flashing! Explain. 
SA fJ-rine emi=sivity. 
-1. If (fas voltage of an incandescent lamp he increased -tfj- 

mvr normal, what ia the effect on the candle-power, effieie 
J light r 

it.". Explain tli.- ( ooper- Hewitt lamp, stating the two 
methods of Ktartisg, 

2fi. Compare the open and enclosed arc lamps. 

"JT. Why \t 'I"- positive car lion placed above the negative tn 
a drrect-enrnrnt arc lamp! 

!-. Bhrtcb and name the different form* of incandescent 
lamp filament?. 

2f. I ruler what conditions can a y.l-watt incandescent lamp 
l>e lined '. 

:t0. What ia the function of the arc lamp mechanism? 

III. What are the advantages of the three-wire system! 

iVZ. Why h it necessary to exhaust the bulb of an incandes- 
cent lamp! 

iiif. At what jioitit in their life should incandescent lamps 
lie replaced '. 

il 1. What h the object of a resistance in series with the arc 
lamp in constant-jioteiitial direct -current systems? 

;tr>. Name the advantages of the Xernst lamp. 

iM. What sort of lamps and of what candle-power should be 
need in residence lighting! 

.'i7. (Jive the characteristics of the Cooper-Hewitt lamp. 

oX What will U' the external resistance on a 110 volt con- 
stant- potential system, if the load consists of 437 lamps of 16 
candle-power ? 



REVIEW QUESTIONS 



ON THE lUBJlOT OK 



ELECTRIC RAILWAYS 



1. (a) Upon what does the heat developed in an electric 
heater dej)end ( (b) Explain the method of obtaining different 
degrees of heat in the electric car. (c) How much power in 
K. W. is consumed in heating a car, if the heaters take 6 amperes 
and the cars run on a 5(H)- volt circuit ( 

2. (a) State briefly the essential requisites for a tirst-class 
car motor, (b) Describe one form of motor suspension. 

3. What is the speed in revolutions per minute of the motor 
armature of a car going at the rate of S miles per hour '{ Diameter 
of car wheel = 33 inches, single reduction gear, 11 teeth on the 
pinion, 72 on the axle gear. 

4. Explain the series-parallel method of controlling the 
speed of a car, and the method of gradually increasing the speed 
of a car by the General Electric %% K " type controller. 

5. (five the principle of a good form of electric brake. 

♦ >. Draw a diagram showing the course of the current in 
the return circuit when the rail is paralleled by a large water 
main. Denote the points at which the strongest electrolytic action 
will take place on the pipe assuming the trolley positive. 

7. What are the advantages of the third -rail system ? 

N. What are the most imjKjrtant factors to be considered in 
locating a power house for a given system ( 

0. How may the alternating current be applied to electric- 
railway work, direct-current motors being used on the cars ? 

10. (a) How is the electrical circuit maintained at 
switches and crossings in the third-rail system i (b) How is 
the car enabled to cross such places { 
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Exj^is ti-r i.- : -.-. f :he air brake. 
Wia; are ic *.!*■*- :»jT-f ,..: the hU;b tension system of 
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REVIEW QUESTIONS 

OX THE SUBJECT OF 

MANAGEMENT OF DYNAMO-ELBCTRIO 

MACHINERY. 



1. Why is the steam turbine well adapted for direct connec- 
tion '{ 

2. On a three-wire system is it better to use 110-volt or 
920- volt motors ? Explain why. 

3. Describe construction and operation of the Fort Wayne 
self -starting synchronous motor. 

4. What methods are used for controlling the speed of in- 
duction motors ? Which one is preferable 'i 

5. How can the friction of brushes and bearings be tested 

rough ly ' 

(k What points should be considered in the selection of a 

machine ? 

7. Give a sketch of the connections of a compound-wound 
motor. 

8. What is the advantage of a synchronous motor when its 
field is over excited ? Explain. 

0. Give a safe rule to follow for personal protection when 
handling electrical circuits of a sufficiently high voltage to be 
dangerous. 

10. What precautions must be taken in fixing a direct-con- 
nected set '? 

11. Why should starting boxes always be furnished with 
direct -current motors '( 

12. (a) How are small induction motors started ? (b) Why 
cannot large sizes be started in the same way ? 

13. If a machine is to be taken apart for the purpose of 
cleaning or inspecting it, what precautions should be taken '{ 

14. Describe the method of lacing a belt. 
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REVIEW QUESTIONS 

ON THE BDRJBOT OP 

MANAGEMENT OF DYNAMO-BLECTRIO 

MACHINERY. 



1. In measuring resistance with the Wheatstone bridge, 
what is the objection of using a ratio of 1000 : 1 or 100 : 1 ? 

2. Describe a tachometer. What advantage ha9 this over 
the speed counter I 

3. What is the torque of a 20 horse-power motor running 
at the rate of 000 r.p.m. ? 

4. When the armature of a machine becomes overheated 
and the belt is tight on the tension side, to what would you ascribe 
the cause and how would you remedy it ? 

5. Explain how to true up the commutator in case it be- 
comes rough or uneven. 

6. Describe a method of testing to see if the armature is 
centered between the pole pieces. 

7. What is the pull in pounds in the case of a 40 horse-power 
motor if the speed is 550 r.p.m. and the pulley is 3 feet in 
diameter ? 

8. What do you understand to be meant by a ground in 
the armature ? 

9. If the speed of a generator is too high, what effect does 
this have on the voltage ? 

10. Describe with formula the direct-deflection method of 
measuring insulation resistance. 

11. Describe a method of determining the current in a 
circuit if you have a voltmeter but no ammeter at hand. 

12. How does eddy -current loss vary with the sj>eed ? 
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EXT OF DYXAMO -ELECTRIC MACHINERY 

] icriln- tin- indicating wattmeter giving sketch of one 

_*onn( in pie -nli iist> mains. 

J4. iw docs mi eccentric commutator manifest itself? 

15. If Hit* residual magnetism of a dynamo be weak or 
entirety destroyed, how would you explain the cause for the same! 
How would such troiiide manifest itself, and what is the remedy I 

16. "Wind resistance dOH it Weston voltmeter usually have? 
1 T. Supposing tin- com mutator of a machine is covered with 

dark costing, while the commutator brushes and brush holders 
how marks of abnormal heat, what is likely to be the cause and 
hat remedy should be applied i 

1H. Name the causes of the voltage of a generator being too 



1-1. "What difficulty would arise in attempting to measure 
3 armature resistance of a 20 horse-power 110- volt shunt machini 
ith the "Wheats to >i<- bridge '{ 

!L'0. In testing the output of R large generator, how would 
■II dispose of Ihe large current generated \ Gin two method: 
SI. "What is meant by the efficiency of a generator? 
22. Which is preferable to use on a commutator, s:iud paper 
or emery ? 

2;!. Which is preferable, that the commutator should have a 
bright, clean appearance, or be covered with a brown 'glaze or 
polish ? 

24. How can l-'oucanlt currents in the pole pieces or field 
cores be detected ? "What usually gives rise to such action I 

25, What is the advantage of over-compounding so that a 
machine gives n higher voltage at full load than at low load ? 

2t>. A motor which is running without load is found to take 
excessive current, give a cause and remedy for the same. 

27. If the field coils of the machine are too hot as determined 
by testing with the hand, what remedy would you apply? 

28. Why cannot insulation resistance be measured by means 
of the Wheatstone bridge '•. 

20. How could you determine the speed of a belted machine 
without the use of any sort of a speed indicator ? 

SiO. What is meant by the efficiency of a motor! 
81. How does hysteretic loss vary with the speed ! 
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REVIEW QUESTIONS 



ON THB SUBJECT OF 



POWER STATIONS. 



1. Why is it desirable to allow a reserve capacity when decid- 
ing upon the number of units to be installed ? 

2. Draw a diagram of the piping system for what you con- 
sider a first-class arrangement of the units. 

3. Would you use a high or low-speed engine (a) in the case 
of a 200 K.W. generator; (J) in the case of a 300 K.W. generator; 
(<•) in the case of a 1,000 K.W. generator? 

4. When alternators are driven in parallel by gas engines, 
what arrangement is used to compensate for the variation in angu- 
lar velocity : ( 

3. Is it better to have a machine of very high efficiency at the 
expense of excessive cost, or to have it reasonable in price with 
lower efficiency ? 

0. What arrangement is now frequently used to avoid placing 
the different pieces of apparatus directly on the panels of a switch- 
board ? 

7. Explain the function of a substation and tell of what its 
equipment should consist. 

8. What are the advantages of oil switches 'i 

\). Explain why the capacity of a (>-phase rotary .converter is 
greater than that of a single- phase, two- phase, or three-phase. 

10. Which system of charging for power do you consider the 
fairest and best ( Explain why. 

11. Explain what is meant by a reverse-current relay, and 
give an example of its usefulness. 

12. What factors must be taken into consideration when locat- 
ing a rotary converter substation i 
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POWER STATIONS 



30. Why are the operating expenses of the hydraulic plant 
less than those of the steam plant t 

31. If you were purchasing machines for a power station which 
was to supply both light and power, what frequency would you 
select, and why ? 

32. Is there any advantage in having the equalizer switch 
mounted on the ])edestal near the machine instead of on the 
switchboard i 

33. If in a central station there is not sufficient room to place 
both the boilers and engines on the ground floor, which piece of 
apj>aratus would you place on the second floor, and why i 

34. Why should the j>owcr station be located as near as pos- 
sible to the center of gravity of the system ( 

35. In the Curtis turbine what safeguard may be provided to 
prevent trouble in case the oil supply fails i 
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